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PREFACE TO FIRST IMPRESSION. 


'^HE last quarter of a century lias seen a striking 
increase in the size and efficiency of astronomical 
telescopes. These have opened up new fields of great 
interest ; but in the widespread attention which they have 
attracted there is some danger lest it should be forgotten 
that there are fields for which the primary instrument of 
all, the unassisted human eye, is still available, and to 
which, it alone is adapted, fields which even yet are far 
from being exhausted. 

I owe my own first recognition of the extent of the 
work in astronomy which there is still to be done without 
a telescope to the sight of the Zodiacal Light whilst passing 
through the Red Sea. The more I studied that object, 
the more I was impressed with its mysteriousness, and it 
was in the first place, in the hope of enlisting observers 
in its study, that I commenced in 1900 a series of short 
papers in KNOWLEDaB upon the Zodiacal Light and other 
objects wlncli like it need no optical assistance for their 
examination. The subject has grown in the writing to 
far larger dimensions than I had in the least anticipated 
at first, and no doubt it might have been expanded to a 
much greater length still without exhausting it. I hope, 
liowever, that what I have written may prove suggestive, 
and perhaps helpful to those who, though they possess 
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no groat e<j[nii)in<*iit» yet have a love for the first ain.1 
grandest of all the sciences, and adesiretotaheapractioiil 
sluiro in it. Wliilst, oven in these days, there are stiH 
many who delight to sec spread out before them n-ig.'ht 
after night the glories of the heaven.s, and — 

" To rend tho pngo, 

■\Ylioro OTOry lottor ia it glittering world,” 

and to whom that high contemplation never fails to bring 
a “certain joyful calm.” It may be that those will not bo 
unwilling to read onco again of the shining ones with 
which they are ao familiar, and perhaps in some cases W'ill 
he glad to bo led from tho pleasure of admiration alone 
to the greater pleasure of admiration linked with ordered 
observation, 

For the illuatratious of this book I am greatly indebted 
to Miss 0, 0. Steven a, who has prepared the maps for luc, 
and who lent her drawing of the eclipse of 11)00 ; to 
Miss Bacon, M. Antotiiadi, M. Easton, Ool. E. l*h 
Markwick, and Mr. H, Keatlcy Moore, for their per- 
mission to use photogi'iiphs or drawings, and to tho 
Council of tho British Astronomical Association for tho 
loan of several blocks. 


Sr. John’s, London, S.E.' 


E. W. M. 
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INTRODUCTION. 



yoiu'H wlu?n Mio iSiou.v ImliaiiH wdvo 
Imgiiiiiiiig 1,0 go! imhUosn iiiul to Uimiloii U’ouhhi, 
ili WIIH tliouj-lil, (*x|>(!(U(m< hjr Hu; jmtJiorHirs 
at WiiHliin}>-(;oii to invito houio ol; tin? tlisooiitoiitoil oIuoPh ta 
au intorvi<nv with tlioir "(lioal. Whitcj l'’u.Lln!r,” tJio 
l*i*(!Hith.‘iit, and, iiioidoiitiilly, t(» {.jivo tluiiii ii doitiojiHt.riLtiou 
of tho vaHt vosoiirctiw Avliioli tlujy would huvtj to ouooimtor 
if ovor tli(5y took' uji arum aHuiiiHt ilu; It’iidoral (lovornuuuit. 
8o thoy canio, and woro hIiowu noum of tln‘ tiii{.'h(y 
maohiiU!rt which modorii oii^diiouriiifr ims jimhIucihI, luul, 
in particular, h{)uu) lumdrod-toii ^nnm. Tlio uiouHlrtr 
weapons wonj duly luanonivrcd for tin; rotl iiuni’H Iniuotit* 
Thoy wore loaded tind Ilrod, aiul Uiu IiuliaiiH w(u*o riUi- 
ducted to the ruin whieli had been lluj tii,r|.(ot f.lint they 

n 
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INTmUMICTKlN. 


mark Uio ilortlnicf imi wliirli |Ih< mifisifi.’ 

liiid ivrouf;'hi-. Tim huliuMH Imtkttl, Iml im-ih'ini of lioiin; 
overwluilmcd willi asl.oniHlminil. ami IVar, na llioir {oiiilon 
had ox|) 0 <!t(Kl, only a tdij'hlly Imrcit 

Tiio Uuilcd Btiilart olliaial In cliari'd ol’ iho iloinonat raf iiot 
repeated and ((mjiliiisizial tlm cxidaiial ioim, whni out" 
the cliiofs, with just (Im I'aiuh'sl. i(1ioiit of n. aafiiiriil 
smile, which was the! utni(»st nianil'eslal loii of fooliiu' hi'i 
stoical sense of dignity allowed liiiu, said, point hue 
the unwieldy weapon, "You won't coiuo aflor lioliun 
xvith that.” 

It was ti’ue ! The ollhtials felt, its fort'o nt ouci*, tiiid 
the Indians were IreaUul to no more exhihiliouH of heovv 
artillery inuctice. It had heon forpoiMt-n tlmi the iii.tHt 
powerful weapon is not iiecessarily the most effeetlvi' 
foi evoiy purpose, and thal) for scaiio elasst'.s of worh (lie 
great size of an iiistrumont may ho a. faial disijualilical in'll, 

A very similar mistake is somotimoH made in regar*! lo 
astronomy, and has no doubt interfered with (In* [lopiiIuvSt y 


of the science as a imrsuit. It. is loo ofleii as.siintr.l 
that nothing of ical intoront oi- nlility can l,„ aol,i,.v...l 
without tho ponsoHsiou oC totacoiinn „t ouunu.iUH 

and o£ cowospoudiag ooat, 'I'la, groat ohaoi-vatorion 

tamed in various Europoaii (louutrios hy l.in, Hiali-, ..r 
founded in America by mUiioaaires, li|r„ Tack „r Vorir..,., 
have been thought to eomiramd a moimisily „£ tho aal i-,.- 
uomieai advances of tire futaro, si„,,„ ti„,y al.„m 
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fcilo of g:;ealosl, powor aiul most 

per foci. iloliuUiou. 

1’liis view is fur from (H)rro(;t. In tlio lirnf. plinsi snek an 
iissinnpi.ion onl iroly overlooks tim fact that 

“ Hy Hut limit a rofmitlor of lliis kiml has Iteoii m'ootoil ami 
(>r{iii])ii(>il, dio oiitluv U))i)a it will liavit bccoiiio .xn liu'f'a Hiat it 
woiilil hit ullm* folly to uso fclio iuHlrumeut fiir work otliov than 
tliiit for whiitli itrt grout power roiulors it upccinlly liltnL The 
result of Hmh Ih Hint our inotlern giiuit loloBOOjtitH are, with few' 
oxeoptioiiH, muployeil, not in doing work w'hieli wn» furiiiorly done 
by snmller iirntriniientH, hut in tloinj» work wliieh formerly could 
not ho iloiio at nil. Hueh, for iubluueu, ia the Imlk of stoHnr 
Hpi'cli'oscopio work, iueludiiig detorniinulioiiB of velooily in the 
line of Hight, Hut inouHUiwuont of uloso double nliiro, Hut epoctro- 
acopio oxiimimition of nehuho, tho (liaeovery of now jihinotary 
HiUolliluH, and Hiuiilar inutterfl. Wo boo, thorolbro, tbut the ostablish- 
iiiont of tlu'HO powerful toloscopofl 1ms boon nec!Oiu|miiioil by the 
ilovolo)Mni!ut of now llelde of roHeiiroh, and that tint work which was 

lormerly dono and eun still ho well done — by iiistrmnonts of 

nmdoriito Hi/.o has not heoii rrdueod." * 

Hor is this all. Not only aro tho now fritiiit tnloscopes 
noooHHarily dovotoil almost oiitiroly to w'ork wliioli sinaller 
instrumonts cannot liinoh, thus loaviii{r to tlio lattor the 
olisorvalioiiH within tlioir t;oinpass, hut thoro avo tlojiartnieiits 
of work Cor which a groat rofractor is tis'wliolly miHiutoil as 
It humli'0(T-lon gun would bo for liglitiiigr a liyd Imliaii or 
shooting siiipo. (Ircat light-gathering jjowor iw latli always 

* Mr, \V, n, Maw, ims.a.s., ProsidoiiHivl Addroim to tho Mritisli 
AalroiKHiiical AHSocintion, Ootobor 2Clh, 181)1), J^ottrml of the British 
Astronomioal Assooialioiii Yol. X,, No. 1, p, 8, 

n a 
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the most important quality; for some vosuurohos broa<l qi’iisp 
of field is far more essential, and horn ilio ;jiaiit toloHcojH'ii 
are practically useless. 

Prof. E. E. Barnard, in one of his locturos on AHtr(»uimuo)il 
Photography, illustrated this point by showing a photogi'iipU 
of the great nebula in Andromeda, with all tho inarvollouH 
detail of ring within ring which tho pliotogniphs of Dr. 
Roberts and his followers in this field have made familiar to 
us. Then over this he would place a mask, cutting down the 
field of view to the area which was tho largoHt which tlu* 
great 36-iuch refractor of tho Lick Observatory could (*tnu« 
luand. It was seen at once that, however ijoworful tho light- 
grasp of that telescope, it was quite beyond it to givo iiiiy 
idea of tho structure of so large a hody us tlio Aiulroineda 
nebula, when considered as a Avhole. 

But there are other objects in the heavens of far van ter 
area than the Andromeda nebula, and to deal with thcHO in 
their full extent reejuires a ‘wider field than any toloHCoxx) can 
cover ; they must he obsol’ved directly with tho unassi.stial 
eye. 

There are, then, definite branches of nstronoiny in wdiicjh 
the telescope is not only unnecessary, but, more than that, it 
IS a hindrance. Apart, however, from this, it ia well to 
remember that the science was pursued with groat succdsh 
for some thousands of years before ever the ielcsoopo wua 
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ovou (•onooivcd, Tho hmffbh of l,lio yoiir, tluj oblic^nil.y of 1.1 ns 
oclij)ti«, tho fiuifc anti iiinoiml. of prucosKiini, t.li (5 cliitsf lunar 
inofjualitioK, llui iiidiiuitiouH of tlui |»liinotiuy urbiln, ami 
tlunr roliibivo tlimoimionH wort; all tloUiriuiiiud by tlii'o(!l. oyt; 
obstirval.itm, and with a roally voniarkablo apiu’o.vinnU.lon In 
tho tnitlj. Indot!il, in our own day tlio samo ftsat Jiim Imou 
rojioalod, for, as roadtU'H of KnowiiKixik will vtunonibri’,’’' 
tlioro iH Ktill liviiij' in Orinsa tho Hiatlu aHtroiionior, Uliau- 
drufiokhara, who, with hoino-mado iuHtriiiuontK and willuuit 
oi)ti(;al aHnistanoo, has rodotorinined tlio tdoiiionlH of llio 
chiof moinhovH of tho Holar Hyatoin with n nioat ustoiiiHhiiijf 
aocuracy. Work tif this kind may not iiidotnl *' iiioroaHo tlio 
Huin of human knowh'dgo,*’ for it iw b; i*itpou.li with vory 
.small and imporfoot nmaiiH what in boinp; doiio witii tlio ujohI, 
perfect appliancti.s in (ho [^imt publiti obKurvattu’itw of llio 
world. Jlut it is far from Ixdng wastt^ tiino and tvIVort on 
that aocouul.. Aa a training in Ic()ouiu?hh of poroopl.ion anti 
ill habits of order and accuracy in ohstirvatuni it will bo t»C 
(ho uliuost Horvico. It is not i!Vt;ry niaii whti climbs l.lio 
ropes of |.ho gymmisimu who oxpectH or wislioH to boooino a 
sailor, and so to turn tho skill, ho actiuirtss to direct Horvico 
in tixactly tlio samo lino; hut tlio strongtlioning of liis 
muHchm and tho intiroase in agility aro solid gaiim to him 
nono tho loss. 


* Soo .lCNow.r,KiKn{ for Novomliov, IHOU, p. aG7. 
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“"What was done in tlio oidoii limi'H 1)<‘ iloint in I lie prortiMit- 
day, and I wish to promhieiilly direct the iiUeiiliim of liei'itinere 
to the fact that by tiie einployiiuml of i[i)it« ein)|tli< iipimi’iituH they 
may make observations which will hriii}; honni to them in n way 
which more rending cun never do, a knowledge of intiny imtronomieul 
phenomona which they will find to ho, not oidy <d' iinniediide jtderest, 
but of great value to tbein in their further stndiea. 


“What I wish to urge therefore, is, that those roimiieneing the 
study of astronomy should not bo content with roinling only, Imt 
slioidd W’ork in the open air, faithfnlly and systemuti cully iM'eording 
their observations, however elementary tlioso may Ins I lay greut 
stress on this latter point, boeanso inircconlcd obKervatioiiH liiivi*, 
as a rule, little educational value. The more fact of dt^st;rii)iiig iit 
writing any observation, how'ovor simple, wbhdi hiis been ininhi jh 
of immense assistance in soouring completenesH lunl (ntenraey. tlf 
course, the country offers greater faoilitios tlinn (owns do for Ihin 
out-of-door work, but tbovo nro few towns wliere uoiu'sa cannot he 
had to some convenionb site giving a fairly elear hori/.oii and 
BulUciently free from, trafile to allow of star maps l>eing referred to 
without serious inconvouioncc. Ifivturally the hcgiiinor’ri tlrst en- 
deavour will bo to identify the brightest stars and traee out approxi- 
mately the confines of the various consltdlations. Continning thin 
study ho wUl gradually acquire a knowledge of tho palltH followed hy’ 
the stars in their courses from rising to sotting, and oldain h elear id<-a 
of the position of tho apparent axis of this uM)ti<.n. Aa time goee 
on, ho will further notice that tho constollatioua ho hnn idontilh^l 
set earlier aud earlier each evening, ami that othor constollatioiiH 
previously unseen will come into view on the oastor.i liori.on. 
Ifurther. he will notice that the path followed by the moon in lier 
course through the sky not only differs at difforoiib parts of ,i 
^ lunation, but varies for any given part of a limution at diffor.mb 
seasous of the year. As liis knowledge of the sky progronsos, bo 
wi be able to identify any bright planets wliich may bo visiblo. 
and to observe tbeir changes of position with regard to tho mljaumifc 

T' Bkotch.hook for 

futme reference and comideration. Now, tho beginnor who hau 
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lorinii'il Hicso filomi'iiliiry by nctiuil obspi'ViitUm of l:bn nky, 

mill has fiiibsinjuoiifcly by (.ho iiiil of his toxl;- books ninsfoiaui (bo 
I’cnsons for wlmt ho lias obsorved, will biivo inado a rory fair hIiii'I. 
ill ilu' study of nflti'oiioniy, ami ho will, I vonturo (o think, liavo 
lu'iiuircd a far kooiior iiilovost in th« niotions of iho lioavonly bodios 
(■bull lio would luivo possosHod if bo had oonllnml Ids iitl.onfcion sololy 
■ to IniolcH, or if his opon-iiir obsorvntioiis liiid not lioon of a sj'sloiniilii' 
fbariiotor. llo will nUo (Ind (.hat by tho aid of aoino vory sinnilo 
bomo-mado iiistrunionts, snob ns a crass .stafi’, a nuln form of Irimsil; 
ins(iMimon(., nnd otbor siinilar apiilianons, ho will bo ablo to nniko 
obsorvations wbiob sorvo to still inoro iniprass u|)on his niinil tho 
facts bo bus boon learning'. Of conrso, auoh oliHorvatinns must bo 
cnido and wantinj* in iinonraoy, but tboy will, imvortlioloss, ho loiind 
to servo a very nsofnl oduoatimial jmrpoae.”* 

Ti. is llinniforu possililo to boomno a real aHtrononuoiil 
olisnrvcr without a tnlosnopo anil witliout any outlay i.'xeopt 
thiit nocossiu'y to {iroeiu'o a o'oml ntar atlas. Atul t.liou|rli it 
may a|)[)oar a usoloss labour thus to travorso for oiioHolt tho 
steps by whioh tho early astronomer.s attaiiioil a kaowloiljro of 
tho universe, yot tlie valuo of tho training involved will ho 
iinniense, and the delight to lie derived from porsoiially 
watehiiig in jirogro.ss the majestic movement, of the lieaveiis, 
tho HubUmost machine in creation, will soon bo felt to bo 
outh railing, 

lint however great the interest that may 1>e tal«>n In work 
of tho kind just described, the observor will bo sure, ore long, 


* Journal of tho linliah Astronomical As80ffialion^ Vol. X., 
No. 1, p. la. 



"Vlll. 


INTRODUOTION, 


to do something which shall be of value for its own 

* c as for its seconclavy effect as training. And, tisluiH 

beoM . T . . 

ready intimated, there are certain fields, by no inc’iiiis 
fully cultivated, which are full of interest, and for wliioli 
g;iu,nt telescopes are required; indeed, in these donuLins, 
tile unaided eye is the ideal mstrument, 

oE all, there is the observation of Meteors, Tho 
teois of ITovembor attracted a groat deal of popular 
interest m the closing years of last century, Articlos ainl 
teis iu all the newspapers of tho land excited gonertil 
pectatiou to the utmost. Everyone was anxious to hoo a 
p'lay of natural fireworks, exhibited without charge, uiul 
^^tterly outdo any efforts of human pyrotocliuy. 
is pel baps no loss to science that tho expectation was 
disappointment. But though everyone was oagor 
ft spectator at a magnificent display, there are very few 
deed wlio have cared to become serious observers of ineiooi'H. 
Yet the work is of great interest and value, if systematically 
cfvi-riea out ; and the work of a single observer, Mr. W. ]'\ 
Ixas supplied ns to-day with the most perplexing 
l>i’ol3lem tliat still remains without solution of all nsf.rn- 

y, tlie pioblem of “stationary" or “long enduring 
vadiauts.” 


IText, comes the sWj „( the Milky Way. Here agft 
txo teleaeoro i. tequited. A cleat aky, keen sight, „d gtc, 
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patio iico arc tho iwpiisiloa. And this field is ako one wliicli 
Hcanuily any oljsorvor has talccn up. When wo liave meii- 
iioned Heia, Booddickor, ]<laston, and Wesley, we have almost 
oxliaust(;d tho roll oC explorers of tho Galaxy. Yot uighli 
after night its niysterious convolutions are drawn out athwart 
the sky, tho ring Avhich onclosos our nnivorsc, tho tviu! 
Mitgard snako that encircles tho entire world. Only to the 
most constant and patient scrutiny will it give up its secrots; 
y(jt how largo a proportion of tho mystery of our Cosmos 
is involved in an understanding of its structure, who 
can toll ? 

'.L'liirdly, there is tho Z()diacal Light. Wo in these high 
nortlKU’ii latitudes are not well placed for watching it ; Imt 
it can 1)0 seen from timo to time, Jind a thorough use of the 
opportunities that do come will go far to compensate for our 
less favourahlo position. And it is worth inentiouing, in this 
connection, that tlio Gegonsclioin, tho faint counforglow to 
tho sun, more didicult and elusive than tins Zodiacal Light 
proper, was independently discovered by an Euglislunan, 
and not a dweller in Southern Ihigland at that, by Mr. 
Backhouse, of Sunderland, lii tho Zodiacal Light, juid. the 
Gegensijhein, we have again objects of tlio greatest interest 
and uiystery, which arc tpute nnlitted for teloKcopic oxamina- 
tioii, are truly naked-eye objects, and which to this day have 
never been sufiiciently observed. 

Fourthly, there are Aurora). At tho minimum period of 
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Uu! MunH|K)i. cYclo la no reason to expect any iinincdiato 
refill oT these Ijoavititul pheiionionu. But cn.v<*fLil 
IniiiiiuiJ!; in this kiiowhidgo oC the coiiatollatioiis and in tlie 
thnu' hnuuilu's »il' work just inontiouod will be the boat 
jxmsililo pve|tiii’fLtion lor properly observing Aurorio ivben 
(.hey set ill again. And this is most important. Afttn* ii 
groiil. display it. is very easy to collcet a number of inoat 
vivid mid i)ic(.uresfjiie doscriptions , but really usoCul and 
HcioiitifU;' accounts are apt to bo sadly wanting. 

Fifthly, at riiro inUu'vals of time wo are favoured by tlu' 
visit of Coinols liright onongli to be easily seen by tlio naked 
oy(3, and which indeed aro aoinetiinoa of great magiiiflemuio. 
The (hitorinination of tlio positions of such an object, day 
by day, or the exaniinatiou into the iniuute details of its 
striie.tm'O lie beyond the poAvers of fclio astronomer without 
a telescope. But some work still romaiiis for bim to do ; be. 
can trace out tlio faint contour of tho tail amongst the stars 
niglit lifter night, and from its apparent form can supply 
some material for doducLiig tho composition of the body. 

Sixthly, tlio rare event of a Total Eclipse of tho Sun 
offoVH several opportunities for work without the lcloHeo|>o. 
Drawings of the corona have still a certain usoCuIuohh. 
Ohsevvatious of tho “shadow bands, ” of the geiioral illnmina,- 
tioii as compared ■with tho illuiinnation during twilight ; of 
tiio stars and planets visihlo during totality ; and of tho 



INTRODUCTION. 


XI. 


oluuigcs iu tlio coloration of sky aucl soa and Uuul, nil liavo a 
(iortain iiiterest and value. 

Of those six lu-aiiohcs oL* astronomy tlm first four iiro 
easoiitially for the naked oyo. There are three others — 
namely, those of Variable Stars, of the son.rch for Now Stars, 
and of th(( .study of Star Colours — iu wliicli an nppreoiahle 
amount, of work may he dono without any iidoseopo at all, 
hnt in which the ])osHeHsion of a good opera-glass greatly 
adds to the numher of objects which are brought within the 
ohsmwor’s reach and to his power of dealing with them. It 
is my intention, therefore, iu this hook not to lliiub inyself 
entirely to work which can ho dono without any nptieal aid 
at all, hut to iiicliido in " Astronomy without a 'iVdeseopc!,” 
observations for whioh a good field-glass will sullhai. 

My programme, therefore, may be divideil into four parts. 
First, tho study of the configuration of tho eonstollatious, ho 
that tho principal stars may he easily ro<!ognised. And in 
this connection it inay ho ponnissihle to touch lightly on the 
origin and moaning of tin* eonstellation figures, and of the 
names of particular stars, which have (;mno down to u.s from 
rmnoto unti<piity. For this Is also in its inoiisuro and 
degrei^, “ Astronomy without a Telescope.” Second, simple 
observations with the naked eye of the chief apparent move- 
ments of tho heavens, which may provo serviceable for 
training in the habits of astronomical work. Third, obsorva- 
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tions for whicli the unassisted, eye is tlio proper instrument, 
that is to say, of Moteors, the Galaxy, the Zodiacal Light, 
and Am-orco ; or for -which it may have a limited eliicioney in 
some directions, as with Comets and Total Eclipses. Eonrth, 
ohservatious for which the naked oyo is ahlo to aceompliBh 
soino little Avork, but in which its efliciency is greatly in- 
creased by the help of an opera-glass, as of Variable Stars 
and of Star Colours, 
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. CHAPTEB I. 

Origin of thk Oonhtkllationh. 

The wovlanan is notliiiig without his tools. I'Vn* tlio 
sistFOiiomer in gencriil thoao tiro his tt.'hisoopoH ; his Lrtiiisiii 
circle; his cquatorials. But the fathers of the srituieo hinl 
none of thoso, and they snuplied the want by inal(in|^f them* 
selves thoroughly acquainted with the groupings of tin? hIiu’.s. 
The naked-eye astrouomor of to-day is coinpollod to iollow 
their example. The stars arc hia reforoutio points luid ho 
must know thorn thoroughly; ho cannot know them too 
well, and the more comploto and exact his tioquaintiim;o with 
them, the better ho is equipped .for hia work. It is by tho 
stars that ho marks the beginning and ending of a nmleor’s 
flight ; by the stars he lays down tho windings and eliiuinels 
■of tho Milky Way, or the soft contours of tho Kodhictil Bight. 


( ) |{ I ( I I N ( ) !•' T] I K t‘< ) XST ] VI i A 'I' IONS. 


I liiivo foil, if, tlic'r<vC<»r(>, iieeossavy io proluoi; luy nol(*s on 1,1 n* 
various (Irparliiu'iils of “Astronomy willumt a 'IVli>so()()i? ” 
l»y a, Horios of “ (.'oiislollalioii Studies”; an introdindiou <jf 
I! a* slaidi'nt, I. woidd liopo, to tlm.t fuller, lunre inti n into 
a(a|uaiiilaii(;o with tlio slollar ^'’roupings wliirli euiilimoHl ii.ud 
t'liroful slai’-sliidy will soon give to Uiiii, 

When, winin', or why, I ho (ioiistolhitioim ws'ro dosigm'd 
and i.lii'ir naiiics given Ihein, iiro <pieHtioiiH which linvti 
rewived much allenlion hut whieli roiimin without n. cuiO’- 
jilole solution. The sources from whhdi light eiiii ciiiiie on 
these questions ina/ lie divided under four <*hiof hondH. 
h’irsl., lollc-lore, iir oval trudilhni, 'I’liiH in a I'jipidly.. 
vanishing faetor, and, on that aecoiuit, it is Mui umre In 
lie desired llait tliosn who are Iiruug-ht into eoutaet witli 
the isolated peoples in the eoruer.s <if the Oiirtli should lose 
no opportunity of trying to Ihid out wimt thoMi liiivo indieod 
iihout tlie Hta.rs, wha.t Hp(ii;ial groujis llioy reeogniso, wliut 
names tlu'y havti given them, and wImt ttudilioim llioy Imvo 
preserved ahout them, Ne.xt, whiit. may lie eallod donii- 
menta.ry evidence; allusions in eliisHieiil writers, and in tlio 
ustroiiniiiieal iveords of Imlia and tJliiini. 'I'liirdly. wimt wo 
may terne-ln use a popular and eoiivciiient, lliongli houio- 
what iiiaiqtropriat.e expression tlio “ Assyriologienr' Hnurco; 
tlm evitlems' of momuneiits and (a-blets ri'oently disi-uvored 
in tho valley of the I'lnphratiis, This soureu projiiini*H lo ho 
llai most fruilfid and signifiiuuit, reacliiug hiuik into a, /'roat 
anlhpiity, though it has iromn into our hiiiids loil. hUoly. 
Air. Itohort llrowM, .Tiiuior, in particular, 1ms lulhiwod u)i 
this Hiihjcct for many years with tlio giviih'st induntry, ami 
has traeiid hack many of the ooiistidlatioiis lioyond the 

wliom we received them, and I lie Houiltie 

lla,hylniiianH, (o whom tlio (Ireoks won* in their lurii, iii> 
*leh(.ed for I hem, lo l lmso Turaiiiuii pco|ih*H wlm iiihahtled 
Alesopolainia lieforo tlio ,S*mii(in invusiun, I ho AkliadiuuH 
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and Sumerians. Lastly, there is the <n'i(Ion(!o ol! the oon- 
stellatioii groups themselves. This iut(U'mtl evidon <!«5 is 
necessarily very limited in its cluuuetur, yet .so far as it 
goes, it is the most important ami uiiiiustakiihlo of all; 
and is especially valiiablo when it can ho api)licnl as a cliook 
to assertions or theories based upon oxturnal reeordH 4 »f < 3 itluu’ 
of the three foregoing categories, Tt) follow up any of tla^.so 
researches is also astronomy — “"astronomy witliotili a toh!- 
scope" — although it is not the astronomy of obHorvatioii. 
The chief interest of the evidence affordotl l>y the htst-namocl 
source is the light which it affords as to the time and phnaj 
when the constellations were devised, and tho roasoiis it- 
supplies for concluding that they were designed L)r llio 
most part on a deliberate plan. 

It is sufficiently well known to everyone that 48 of tlio 
constellations come down from extremely auciont tiniew. 
The places of the principal stars are given in " Alinagest,” 
Ptolemy’s great Catalogue, date about 137 A.n. This wii.s a 
revision of the Catalogue of Hipparchus, date ahoiifc 140 n.o. 
There is also a very full description of the constellations in 
the poem of Aratiis of Soli, tho "Phonomona,” date about 
280 B.C., which was a versification of an astronomical worlr 
of Eudoxus, date about 370 n.c. 


The 48 constellations, therefore, have a clearly roeorderl 
istory of about 2300 years. But tlioir origin can, by 
mCereuce.be pushed back to a far earlier date. The poem 
0 Aratus contains clear internal proof that it was not based 
upon aetua observatious made in Groeco by either Aratus 

unite Hor* description of tho hoavoim made 

uces to the places of the equator and tropical circles 
and of the rising and setting of stars. 

But their origin can be pushed back further still. If the 
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uUl 4-8 ooiiHlulliitions iiru iiloLUtcl <lowu on ib j'lobo, il, in ni 
itor<.!<!iv(Hl Unit thoy li!avt> a lai-^ro ixn-lion of Uio wky 
aiicoviirod. Tlio roasiin foi- tliin Ih ohviona. Tlin not 

iiuihu1<;(l in t lio 48 ooiiHl^dlatiouH did not ri.so abovn I Ik* 
1ioi'i/.oii of llio pliuH) wlno’i' tlioir (loHiguorH livnd, and, 
tlioroi'on!, tlioy did not hoo lli<nii, and («mld not iiudndc 
llu'in jn tlioir Hclioino. Tlio routro of tliia void njHioo imiHt 
luivo lioon tlio ooloKtiiil a. polo of that dato, and ita mdiiiH 
^dvoH, approxinniti*)}', tlio liititndo of tlio pltuav 'I'liia wan, 
i-iniplily Hpoaldni^S N. lat. ;t8'\ and tlio dato not vory r„.r 
aliort of IlOlld H.i.:. 5 aay 2800 na;- h’or priiciiMHioii liaa oarriod 
round tho " lirat point of AvioH," m wo now oiill it, Mio point 
wlii'i’o tho HUH iH at tlio Kpritip; o(j[Uiiio.v, aoiiio Oir’j oor. 
] oH])on(liu|.{ to •■IvdO yi'iii’H, aiiioo tho 04'l(.'Htinl H. polo wiih in 
tho contro of that uniiiappod Hpaoo. 

Tho louf^itudo of tho pliwio of oriptiii in not din’otly 
indicatod, hut tho promoioo of tho lion and tho hoar 
amoiii'Hl tho Htolhir foriiiH, and tho aliHonoo of tho olopluint, 
tho oanud, tho lij<or and tho r.rooodilo hoiuii to oxoludo 
Jiidia towarda tho oiint ainl Kiiropo towiirdn tho woHt, 
ami talcoii with tlio indication ol latitude! iilriiady found, 
ooiilino llio Hoaroh to Aaia Minor and Annoiiia. Tin* 
intornal ovidoiico, tlior(!foro, fully oonlinim Mr. If-oiiort 
Ih’owii, win'll hy lui oiitiroly iudopouthtnt iiiotliod ho 
triiolcH till' ooimUilluthuiH hack to Uiu hoiid eif tin* ^!llp)lral oh 
valloy. 

Tho dato dorived ahovo hriiiKH 4)ul: a, uuinhor of iiiloroaliiin 
rolalioiiH. Tho coimtollation (l^uron woro all arraiif^i'd ho 
iiH to ho oithor upriicht whon 4»n tho iiM?ridiuii, or oIho 
niomiihont; (hoy Avoro not iuolinod lo it. T'hon tho 12 
ni^nH of tho J^odiao woro Hyiiunotrioally divided liy (ho 
fiolimm, Thu oprinf' oipiinox wiih in tho iniddlo of tho 
Jluil| tho autuiiiiial lii tho niiddio of tho H<!orjiiiiii, f.lio 
Hiimiuor HolHik'o in tho middle of tho f/ioii, and tho winter 

o 
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ill tho middle of tlio Wator-caiTier. Tho irrogulai’ity in 
the size of these constellations roiidercd a symniotrieal 
division iinpossihlo in lator times. 

This is an important deduction, for it clears away a- 
number of theories which have been started at different 
times to account for tho origin of tho constellation figuroH, 
and which assume that Aries, the Ram, was the original 
equinoctial sign. Even apart from tradition —and tradi- 
tion is on this point clear and conclusive — it ia certain 
from the position of tho constellations llioinsolvOH that 
they were mapped long before the spring equinox oiitered 
Aries. 

Further, so far as the figures themselves allow of tho 
indication, that is in nine cases out of tho twelve, all 
tho ascending signs of tho Zodiac faced towards tho east,, 
all the descending towards the west. This arrango- 
ment can scarcely be fortuitous, and is but one of many 
considerations which afford evidence that the old dB 
constellations in general are not the result of (dninco ; 
one man in one country making a constellation lit oiuv 
time, and another man in another country making another 
constellation at another time, and so on, but that they 
form substantially a single document, arranged by one 
man or set of men, in a comparatively short space of time. 
Relatively speaking, they were mapped out at one timO' 
and in one place. 

The people who mapped out these constellation a wore 
no savages ; they were real astronomers, howovor ele- 
mentary their astronomy was. This is clear from two- 
circuiu stances. First they mapped out tho npx>iw’onl; 
course of the suu during tho year by the 12 signs of 
the Zodiac ; by no means a simple thing to do. It; 
might have easily been done indeed, indirectly by incanfl. 
of the moon's mean path, but it is clear that it wiis. 
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done directly and iudopcindontly of thn moon; for the 
“ mansions of tlio moon,” 27 or 28 in nninbor, bolon;? t<» a 
dilToront system of astronomy. Then? is im donht of tin? 
siipromo importiinco of tlie ecliptic in tho ustronomy of these 
nnknowii ancient people, for tho 12 sigim by ^vl^ioh they 
marlced it have como down to us by mimcrous aiffcr(?nt and 
indopendont paths. Egypt, Arabia, Ihibylon, Porsia, and 
India alike show us tim samo 12 designs ; the niinuto diflhr- 
onces bcjtwoon thorn only accentuating tho r(?ality of their 
common origin, 

A. fiu’lhor note is supplied by tin? care with whidi the 
polo of tho ocliptic is marked by tho folds of the Dragon, 
'J’ho ocliptic is tho patli of tho snii, tho lord of light. The 
poh? of tho ecliptic is tho point furtliost from his illuminated 
course. Hero then? is fixed the fabi(?il crcal.nre wirujli 
syinholis(3s darkness, cold, cclii?NO, ami night ; and with 
these, evil and death, 

To duterniino tho positions of the ecliptic and <?f its poh^ 
was a task far beyond tho power of a moro savage. It 
r(?quired no moan amount of skill, observation, and thought. 
U'ho pole of tlio cijuator is oasily idoiitiliod j and the cqualor 
can with very little trouble he made* out. Jhii; these were 
left unmarlvod. Had they been pi'oeisely marked tho date 
could have been lixod within a few years instead of within a 
fow ceutiirios. 

Bill tliough tho constollathms wore mapped out hv 
astronomers, they did not consult astronomical <!onvonionco 
in mapping them out. Six olivious canons ahould have homi 
obeyed had this boon tho guiding idea. 

1. Tho constollations should have boon roughly of equal 
aim 2, They Hhonld have conformed, as far as possihli!, to 
tho natural corillguration of tho stars, Jh Tlu?y oluntld 
have boon compaot, not sprawling ami irregular. 4. 'J.’lie 
designs should have been, as far as piissiblo, diHliiicUvu ; 

2 


a 
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tlic samo form not being repeated. 5. In no oiiho 
vrliatsoQver should two constellations have boon inter- 
mixed. 6. And they should have covered ilio wholo 
visible sky, leaving no large tracts of space or bright 
stars unincluded. 

All these six canons, except the second, are violat(!d ])or- 
sistontly. The constellations are extravagantly unequal in 
size. Ursa Major and Argo occupy spaces on the celestial 
globe which we might liken to the Kussiau and IlritisU 
Empires on the terrestrial ; whilst the Triangle and Arrow 
might be paralleled to Sicily and Crete. Hydra sprawls 
across 100° of longitude, two-sevenths Of the entire circle. 
Of the 4)8 figures, Which may ho reckoned as increased to 54< 
by subordinate figures, 38 are the repetitions, more or hjsa 
frequently, of some 11 forms. There are ten nnm, 
four women, two centaurs, four fishes, four sorpontino 
monsters, two goats, two boars, two crowns, two streams, 
two dogs, and four birds, including two eagles. Whilst 
of intermingled constellations, we have a fine illustration 
ill Opliiuclms, sharing the same stars as Horonlos for his 
head, his foot plunged right into the head of the Scorpion, 
and his body inextricably mixed up with the coils of tho 
Serpent. 

The second canon has had some attention paid to it. One 
or two constellations have evidently been fitted to tho 
stars which they include, and were possibly evoji suggested 
• by their natural configuration. Tho Northern Grown and 
the Scorpion are, perhaps, the two best examples, and it 
has always seemed to me possible that tho Great Boar 
took its name and form from the three strikingly placed 
pairs of stars which might possibly have suggested tho 
idea of the feet of a great plantigrade aninial, But 
ill general, the natural configuration of the stars gives us 
no clue whatsoever as to the origin of the constellation 
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flgiires. Ttiko Pogasiia as an example. Horc iwo four 
stars almost in a square, a striking natural conliguration. 
But one of these stars has been detached to form ]>avt 
of another constollatioii, Andromeda, and the other three, 
which form a right-angled triaugh?, are taken to represent 
a horse, but not a whole horse j a half horso, winged, and 
upside down. 

Astronomers then desigiiod the coustellations, but 
not purely for aatronoiuical purposes. What juirposo 
had they then ? Two are very commonly aacjrihod to 
them. The first supposes that the 12 signs of the Zodiac 
were doviaod to sot forth tho seasonal characteristics 
of tho mouth when tho sun was in that parbieuhir sign. 
'This explanation is very plausiblo at first sight, but docs 
not hear examination. First of all, it explains only 12 
constellations out of the dS. Next, tho conslxdlations 
of tho Zodiac do not correspond to mouths, but aro 
of most irregular lengths; tho Virgin rojirosonts nearly 
si.x weeks, the Oral) not much over a fortnight. T’hirdly, 
there is no country with which wo aro iic<]uainked 
tho climate of which could he roprosonted i»y the .12 signs 
as they stand. And lastly, tho theory assuinos that Aries 
was tho (iquinoetial sign, when the Zodiac was devised, 
whereas Taurus was. Tho otlior idea is that tho shophordB 
of Wostern Asia placed in tho sky tho fancied roprosonta- 
tivos of tho lloiiks and herds which formed their wealth, 
aiul of the hears and Hons from which they had to 
defend them. This idea is also open to some grave 
ol)jectious. If the starry figures had meant no more than 
this, and had heen freely placed in tho sky by anyoiio 
who chose, it is impossible to think that the process would 
have come to so siiddon a termination 5000 yours ago. 
Not only was there no effort made to map out tho 
southern circiuupolar regions as men became aeipiaiiited 
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■with tlieiu, but large tracts of slcy wore loft uniniipixfd 
in the northern heavens, and tJieso were loft in this 
state for many generations. Two constellations alone 
were added to the old 48 within early historic! times. 
The first, Equiileua, is simply a slight expansion a.nd 
reduplication of Pegasus. The other is Coma Herein 
and obtained a sort of brevet rank tlirongh llio cionrlly 
ingenuity of Conon, the Astronomer Koyal to PtoUiiny 
Euergotes. Even here there is some reason to think that 
he simply gave a now name to an old, an almost forgottem 
minor astorisin. If the constellations had been an evolution 
in tile sense in which this theory supposes, no reason can ho 
suggested why it should have been suddenly arrested fiOOO 
years ago. 

AVhatever was the history of the consLoihilion symbols 
it is clear that they were deliberately designed, and 
designed as a whole. This is proved by the fact (hat 
some of the figures are placed in 'altogether unnatural 
a-ttitudes, attitudes wliich have been prosovvod for 
thousands of years. Take, for example, Aquarius pour- 
ing a stream of water from his ewer, not upon a plant 
or before his .sheep or cattle, hut upon a fish which does 
not swim in the water but eagerly drinks it in. '.riie 
next sign is more striking still. On the seasonal theory 
Pisces represents the opening of the fishing season on 
tlie break-up of the winter’s ice, hut tlie lisbos are not 
represented as netted or hooked by the mouth, but as 
being tied together by rings slipped over their (ails. 
In other cases the accessories of the figures are clearly 
significant, the fish-tail to Capricoruus, the lyre 

round the neck of the eagle Vega, the wings of Virgo, 
tlio chain of Andromeda, (,ho chair of Oassiopoiii. It 
IS at least probable that there is deliberate design in the 
circumstance that three figures are truncated, T'aunis* 
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Pegasus, and Argo. Then in several cases ilieve are 
groups of figures which form something liho a connected 
story; Hercules and the Dragon, Perseus and Andro- 
meda are examples. Even where this is not the case 
figures of a similar character are gathered together witli 
evident intention'; one region of the shy is devoted to 
tho Birds ; another to the Pishes anti other Avatery 
symbols, I'be Zodiac is clearly intended to form an 
integral whole, but some of its signs are connected with 
signs winch lay outside, such as Aquarius and the 
Southern Fish, Ophiuehus and tho Scorpion. Of the 
wliole forty-eight constellations there is scarcely one 
that is wholly without some sort of connection with 
noighhouring figures, 

Tho ancient constellations wore therefore desigJied nearly 
five thousand years ago hy a people dw(5lling soinewhere 
between the dilgeau and tho OaS 2 )ian, 2 )rol)ably near tho head 
of tlio valley of tho Euphrates, a people whi(5h domesticated 
tho sheoi), goat, bull, dog, and horse, which liu iited tlio bear, 
lion, and hare, and used tho how and the spear, for all tliese 
ai'o represontod, and in those connections, in tho sliy. They 
had made some j)rogross in a.stronomy, iind wore suffi- 
ciently organized for tho work of constellation making to 
bo carried out on a cleliborato ^dan, and to rocoivo general 
acceptance. 

Tho constellation figures may not all have boon transmitted 
to tho present time without altovation. Thoro is some ques- 
tion abovit tho zt)diacal sign of tho Bahuict\ Ursa Major 
and Ursa Minor inny not originally have been bears, biit 
rather waggons or chariots, and so also with two or tliree 
other groups. But many significant litthi details seem to 
show tliat tlie constellations, as a whole, luivo been preserved 
without important eliango. 



CHAPTER II. 


Thk Qkeat Star Clock in tiik North, 

The stara wear a very (liltoroiit a8])e<!L to fclu? (iHtrouoinur 
with a teioscopo and the astronoiucr witliovit. 'L’lio I’oriinn*, 
deep in bis observatory dome, sooa but a narrow Kliee of the 
sky through the open shutter, and the starry groupings as 
such have little or no significauco for him. If his wislnss 
to bring a star within the field of his inatruiuont, ho 
does not as n rule seek it out first on the sky, and tlusii 
fiini Ilia telescope at it, like a riUe, by its siglilH. IiiHlisail 
he refers to his catalogue, reads therein the right iihcou- 
sion and declination of the object, tururt his instruiueut 
until its circles are set to the readings indicated by the 
catalogue, and then, last of all, moves his domu round 
until the shutter opening is opposite tlio object glass. 
Tho names of the stars, the constellations in which they 
are found, have tlieroforo very littlo significauco for 
him. The important things for him to know are thu 
hom, minute and second to which tho one circle lunst 
ho sot; the degree and minute to which the otlier. 

Not so with his brother workor. Ho stands out under 
the open ileaven; no graduated circlos guide his gaze 
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to this star or tluit. For liiiu, ill ho will know j)ro(?iscly 
to what part of the heavens he is directing hia attention, 
it is necessary to be able to recognise the itidividuiil stars. 
In this work differences of brightuoHS and colour are no 
small help, but by themselves would be porfoetly inade- 
quate guides to the rocognitioii of the great majority 
of the stars. That by which one star can bo recognised 
from another is in moat cases its grouping with the rest. 
The knowledge of such grouping, a perfect and (piiek 
recognition of the figures, real or imaginary, whudi the 
stars make up amongst tliomsolvos, in a word a know- 
ledge of the constellations, is the first essential for the 
direct observer. It was so from tho very beginning. The 
first astronomers necessarily had no telescopes, and eciually 
of necessity the first great astronomical ontorpriae was 
tho dividing out of the lioavons into constollatioiis, tins 
ascribing certain imaginary figures to particular groups of 
stars, and tho bestowal of names upon individual stArs tlunn- 
sclvoa, 

Tho same mjcessity makes itself felt in every branch <if 
.science. Before any progress can bo made, the o))je<itK 
recognised in that science must bo inimod. Until they 
are named they are undistinguished and uudistingiusli- 
al>lu. So far as w(5 are eoncoriied they remain withoiU 
properties, one might almost say without existence ; once 
iianiod, a knowledge of their proportios and peculiari- 
ties begins and a whole new field of research is opened 
out. 

And oven without tins further knowledge, how great 
an interest is given to any object by tho fact that wo 
know its name, Take soiuo town childron out into the 
country, and sot them to gather wild llowors, how instantly 
they ask their names, and how much their beauty is iii- 
oreusod in their sight when those iiamos are taught them. 
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And so to-day we are eoiiihiually lioiirino' tho eom|))ii-inl. of 
Carlyle ropciitocl : 

"Why (lid not soniobody tench mo tho i!oiiBti*U«|.i(>ii», mid niiilm iiu) 

lit homo ill tlio stavi'y honrons, which tin* iilwaya ovorluMid ami wliii’h 

I don’t half liiiow to this day P ” 

So tlio work of learning tlio starn, tlnnigli i(. may involve 
some self-denial, and brings no reward in l.lio Hlia|m 
of “magnificent spectacles,’ ’ has a (Oiarm of its own. 
The silonfc watchers from hcavou soon hmtonio tm.eli one 
a familiar friond, and to a.ny iinaginativo mind tho Heiiso 
that he is treading the same path as that traverstsl hy 
tho first students of Nature will have a Htrango <diiirni. 
With the “Poet of tho Broakfjist Tahle” ho will feel 
himself linked to the groat minds of the deep uimieuHiired 
past. 

“I urn as old as Egypt to mysolf j 

“ Brother to them that squared the I’yriimide. 

“By tho samo stars I wiUch." 

However (Dftcn, therefore, tho work of teaching the eon- 
stelhitioiis may liavo boon undertaken, it forms aii insifp- 
arahle portion of my present task. 

To ua ^ in England, with our high northern latitudo. tho 
stars which never sot are tho first the study of wliieli wo 
should undertake. Tlioy are always present, they eovtu* 
more than one-third of tho entire sky visible to us at 
any moment. They include many eonsi»icnouH Btars, and 
form ail admirable guide to the constellations heyimd the 
circumpolar region. Constantly revolving round the imle, 
they form, as it were, a magnificent dial plate, nnirldng 
at the same time tho progress both of tho night and of the 
year, 

llie chief constellation of this region is the Croat 
Bear, the leading stars of which are tho Sev(?n, whitrJi liavij 
won the attention of all races of men in all ages. 'I’lio 
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80VO11 s(,ju’H of I lie or OIuu'Ion’ AViviii (I, he \va|?^'on, 

that- in to say, of the eliiirl or peuKiinl) iivo known lo 
everyone, ami form the inevi table utartiug point for the 
study of the eonslellntionH. Of tlieso hovcmi hI.iivk, wliloh 
at inidnif'lit on the first of Ajirll am ]»rael Ically oviu*- 
heail, tlu! i^o’cater part of tho eonHt< 3 llibtion beiiifr nlroady 
on tlie downward path towards tlio wosl, -tho two first 
are Alpha and Deta, the Keeoiul pair Oaniinii and Ihdta, 
the four inalciup: up the boily of the idon},di, whilst 

Mpailon, Zeta, and Kta form tho liaudlo. Delta is dis- 
tin^Miished as heini; nineli tho faintest <d: the seven, X(>ta 
hy its eloHO eompanioii, Aleor, visible to any ordinarily 
f'ood si I'll t. 

Kaeh of the seven stars of the I’lon^di, htiH, like Ale.or, 
its (»wn speeial name derived from tho Arabi(!, but thoy 
ar<i more (generally known by tin? lettovH of tlie (Iretdc 

alphabet,* and are referred to as Alpha, HLda, {biiiuna., 
ote., Drsie Majoris, Tlio otlier ehted sturH of the eon- 
stellation aro very seldom referred to exeopt by tho 
(Ireek lethu’s, their Arahie inuia^s liavitipf ]iiihnis1 out of 
use. 

ItegardiiiK tho eoimtelhition us tlm “Qreiil Dear,” tho 
four stars in the body of tho Dloui^h make tin* hiiu'U 

(piarters of the animal, whilst tho handle hoeoinoH tho Imar’s 

tail. The feet of the hear aro (dearly jiointod out by a 

enrions set of three iiairs, lota and Kappa nudco Mio lirat, 
bamhda and Mu the soeoiid, JSIn and Xi tho t.hinl. 'I'lieso 


* Tlie (tri'fk Alpliiilict is as follcnvs . 


<1 Al|iliit 

»j let II 

1' Nu 

/i Ki’tu 

(( 'I'llOtll 

f XI 

y '{iiiDiiiii 

1 (olii 

<1 Oiiiiuvoii 

fi lli'llii ■ 

K Kii|)|in 

w ni 

)■ Ml'Hil'lll 

K Liiintiilit. 

fi Jiliu 

Zulu 

(1 Mu 

ir Kfiriiin 


T 'l.’lUl 
V UjiMiluii 

V> rill 
Olii 
^ I’Kl 
Cl) Omi'aiL 
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foi’iu the g'lmt plautigraclo foot of tho animal, luul iiro “ tlio 
doos' leapa ” of tho Arabs. 

A line drawn from 55otii througii Alpha and carried 
forward tho aaino distance tliu other aide hringa na to 
the fourth magnitude star Omicron at the point of tlm 
creature’s snout. These stars onahlo tho l)omidari(!s of 
the constellation and tho figure whicli it is supposeil ti) 
represout to bo easily dotoctod in tlio sky. Beta and Alpha 
are couiinouly known as tho “ I’ointers,” for as tho " poet ” 
sings ; 

" Whoro yonder rndinnt lioat» adorn 
'J'ho nortliorn evening aky, 

Seven stare aeplondul glorions train 
First fli the wandering oyo. 

To deck groat Ursn'e shaggy form 
Tlioso brilliant orbs combine, 

And whei’o tijo flret and aeoond point 
'Xlioi'u 800 Polaris shine.’’ 

A straight line from Beta through Alplia points veh' 
nearly up to tho polo of the sky, tho distanee hoing just 
a little greater from Alpha to tho polo than from Alpha 
to 15ta, and close to tho polo shines the Polo star, a brilliiint. 
of the secoml nmgnitudo, and placed at the end of the 
tail of tho Lessor Bear as Eta is at the tip of tliat. of 
tho Glreator. 

Starting from Epsilon Ursui Majoris, tho star in the 
G-roat Boar's tail nearest the root, and crossing the Korl.h 
Pole, we fmd on the further side of tho Pole, right ujmii 
the sparkliug baclcground of tho Milky Way, here almost 
at its broadest, five stars iu tho shape of a W, tho |)rincipa) 
stars of tho coiistollatiou Oassiopoia, tho “Lady in her 
Oliair. At midnight on tho first of April, this group is 
low down ill tho north } tho W being, as it were, writbm 
in a dropping line from left to right, that is from west 
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to oast, as if scrawlisl by a tiroil wiilor. Tlio lettering of 
tlio stars is nearly but not qiiito in tlio rovorso order of 
writin^^ Koadinfj; from left to rifjlit fclmy eonio Miisilnu, 
J)oli;a, Gamma, Alpha, Ihdn, tbo tlire(( last iuiukmI bciiii^' 
distinctly brif^httsv than the other two. 

Starting from CaHNio|Kna, and following the Milhy Way 
towards the west, wo Ihid a number of shirH inarliiiig out 
the spine of tho Galaxy, and bonding down in an eh^gjiut 
curve to the bright somewhat yellow star in Iho iiorlb- 
wtjst, Tho stars iu this cur^'0 aro tlio ])riu(upttl iiiomhorH 
of tho constollaticm PorsoiiH, and tho bright yellow slur 
at iho end of tho curve is Oapolhi, Alpha in tlio eoimtollii- 
lion Auriga. It is a star impossible to mistalu^, siueo close 
beside it is a very pretty little right-angled triangle of 
moderately hvight stars. 

Not far from OapoUa is a hluisli-wliite star of the second 
uiagnitndo, Moukalinaii, or Jlota, in the conshdlation Auriga, 
ill which Oapella is Alpha. On a straight lino from Hola 
Aurigio through tlie Polo Htar, ami rather further fr<jin 
tho Pole Star on tho other siilo, is a sjiloudid utiml-hluo 
star, Vega, tho rival of Capolhi in hrightuoss, tho two 
lieing ohiimants for tho promiorship of the northorn 
hoavons. Tlio live bright stars which wait upon Vogiii in 
its imniodiato neiglihonrhood, and of which tlio neaiTst, 
I'ipsiloii, is a very close doiihle to lc(!on sight, nialvO' up 
with it tho constollatiou of Lyra, a <}onHteUation which 
lies for tlio mosli part outside tlio oircumpulav circle for 
the latitude of London. 

Tho ehiof guiding stars, thoroforo, for the nortliorii 
heavens, are tho woll-laiown Plougli, tho scarrtoly less 
•distinctivo little W of Cassiopeia on tho opposite side of 
tho Polo, and tho two groat brilliants hotwoon tln'in on 
tho right hand and on tho loft, Oapolla and Vogii. All 
those aro coutimially visiblo for Scotland and tliu Nortli 
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of IUnglaiitl ; for tli« southoru purl; of our islaml is 
lost for a short time wlioii duo nortli. 

To watch these northern constollittious as they folhiw 
each other in regular ceaseless pnicession round tlu! Ihde, 
is ono of tlie most impressive 8})oi!ta()les to a iniml capahh^ 
of reali/ing tho actual signilioamm of what is scum. Wo tiro 
spectators of tho movement of (.mo of ISlaturids niachimtH, 
tho vastnoss of tho soalo of whicli and tho nlisolul.tdy 
perfect sinootliuoss and regularity of whosi^ worlciiig so 


KKNIT1I, 
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!l?ia. I, — Looking north nt Midnight on Januahy 1J>. 


utterly dwarf tlm inightiost work accoinplishod hy man. 
The aonse of this ceaseless motion, and of its porfoct regu- 
larity sank deep into tho minds of tho oarliosl observorH, 
and had. much to do with the sacrod, or at least soini* 
aneved eharactor, which attached to the study of astrouoiuv 
in those ages. But beyond this, thoro was tho iicluat 
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in'autlciil viiliiG oC tlio inovoinoiil.fi of tins gveiil, 
clock. All obsciTOi-, wiiching Mirongli fho lionr.s of a 
iviiitoi s iiiglit, will SCO tlic .l:Mougli liiw down in Llio north nt 
first, raise itself little hy little towiirds tlio oust, roiiciiiiig the 
zoiiilli about 5 o’clock in the niornlug, luid at break bo 
moving downwards in the wi.'st. Since tlio Ktars reach 
given position in the sky about four iniiiiilos ctirrK'r 


'/KKJJM. 
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l'’ui. 2. — Looking north ot Mkbiiglit on I'V.iuujahv JH, 

on each successlvo night, the positions of these four con- 
stellations not only show how far tlio night is advanced on 
any particular oimslon, hut if ohserved night after night at 
the sanio hour ilioy act as a caloiular to luark the progress 
of the year. The twelve little diagrauis here glvmi iiro 
intended to sliow roughly the relative positions of these four 
coiistollatioiiH mid of the Polo Star as seen hy an observer in 
tho latitude of Tjondoii who fneos duo north, 'riio 11 rat 
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diagram shows tlioir aspodi as scon al. nii<lniKld> in tho 
inulclle ol! January, tlio noxi- gives Uii' sann! view for 1111)1- 
night in t-ho ini)l(ll(} of l'\'!lmia.ry, Mui Ihird for ini)lniglil in 
the nudtllo of March, and so on. Or wo may ri'ganl iJimii ns 
reproGonting two-liourly intorvalH in tlmoinrse of any jriv)'n 
night. ’Tims for tlie niglit )>f January 1, No. !l (Mh" 
Soptembor dingrain) would reprosoni tin) apjiearains' ))f llio 
shy at 6 o’cloelc in the ovoning, No. 10 at 7 )i'oh»)!l{, N)). 1 1 at 
9 o’clock, No. 12 at 11 o’clock, and No. 1 at 1 «)’)’lo)‘k in I ho 
morning. Nos. 2 and !l and I would in lik)i inaniH'r n‘j»i)'. 
sent the appearance at '1, T) and 7 o’clo(!k in f ho untniiiig 
respeetivcly, so that eight out of tho twelve )1 ingrains w)iul)l 
1)0 aeon during a single night. 

The following table shows the lionrs )luring nny par- 
ticular night roprosontod by the different diagrams, ami llm 
dates throughout the year which they reiu’i'seiit for any 
, given hour of tlic night: — 



DAYS AND HOTJ2S EEPEESENTBD BY THE DIAGBAMS OP THE NOETHEEN STABS. 


THE GREAT STAR CLOCK IN TIIR NORTH. 
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2EKITH. 



KEKITH. 



BORtZOK. 

Fiff. 4. — ^Looking north at Midnight on Ax’RIL 1G. 


Z/iST, 




WZST. 
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THE HREAT STAR CLOCK IN THH NORTH. 


K EM ITU, 



Honr/ou. 

Jig. 6, Looking iiortli ivfc Midnight on May IB. 

ZEKlTIt, 



KOniMM, 

Fra. 0.~Looking north at Midnight on Junk H.. 

j> 2 


EAST. 




*>;j, roNslM I \ M' 'ill hi 1 


p r «» ♦ i». 











ItKII-KIlIt, 

H. iioilli ftt (III At yvet H 




THK CllUCAT STAR (TLOCK IN 'I'.] Hi: NORTIT. 


KBNrni. 



IIUIII/OK, 

I'lO. 0.— iiuokin^ noiih nt on ►^ui'rHMiiiut 14. 

kknith. 



HOKIXOM. 

Fta. 10.— Luukitig uoHh ut. MiduEglil, on OutouKJi 1 , 4 . 
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KKNITK, 



llOBIXON. 

Fig. 11.— Looking north nt Midnight on Novkmukk I't. 

KEKmr, 



nonizoK. 

Fia, 12,— Looking north at Midniglit on Dkokmubk 14 




TIFE GKEAT STAR CLOOIC IN Til TO NOIOTL 2? 

In No, 1 Oajxjlln; is voiy nearly in tlio xoiiitli, 

Voga right down on tlio nortliorn horizon, whilat the Phnigh 
is high on the east, and Ciissiopoia is lovol with tho Polo 
Star on tho Avo.st oE it. In No. 'I tho last star in tlio I*hnigh 
Handlo is not seoii, for it passes the meridian a little to th^ 



l?ia. 13, —Tho Ohiof Ciromiipohu' Strny, Mitlnlglifc, April 1 at. 
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Boulili o£ the zenith, and tliereCoro ia right over our obsei’^ 
head, and, since he is facing northward, somowlia,t beb 
his baolr. In diagrams 6, 6 and 7 Vega is not seen, for 
these that star is to the south, and thoroforo bohincL 
observer’s back. In Nos. 11 and 12 OapoHa and. Beta Aui* 
aro out of view in the saino manner. In No. 12 tlio place 
Voga just below tlio horizon in the north is indicate cl. 

Besides the seven stars of the Plough, the fiv© stars 
Cassiopeia, Vega, Oapolla, and Beta Aurigto three stars 
shown of Ursa Minor. The centre star of the diagrams ii 
course the Polo Star, Alpha UrBee Miuoris ; tho othor 
stars sliown are tho other two brightest stars of tho c 
stollation, Beta and Gamma, and thoy are added to inclb 
the way in wliicli the Lessor Boar swings round in tho 
with the. tip of his tail as pivot. 

Tim accompanying map allows the position of tho circ 
polar region with regard to tho north horizon at niidnigUI 
the first of April. Tlio figures ranged round the oiv*.y 
forcuco of tho map show tho position of the north poinl 
tho liorizon for hourly intervals of the day and night at 1 
time of tho year. Por othor dates in tho year we. can fine 
posiUon nearly enough by remembering tluvt for every me 
later in tiio year that wo take wo must also take two li< 
earlier in tho ovouing to obtain stars in the same poaitioiii 
if wo take a siif|!e day later in the year then wo must cln 
our time four minutes oarlior. 


CHAPTGR III. 

Till!! WoiiTit CuiouMroi,.\.u Stars. 


Tii« first task in tlio Htucly of tlio conatollationB is to leava 
to rocoguiso tho I’olo 8tur and tlioso cliiof jo'wols which cit’clo 
loiiud it, and wliich mark out with sullioioiit iioaniOBs tlio 
foiu* quadrants— Cassioijoia, Caiiollii, ihu I’lougli, and Yoga. 
When fainilinr with tlioso and with tlioir ohaugiag positions 
rclath'O to tho /ouith and horizon, as tlioy swing round tho 
coloBtial polo during tho succossivo hours of tho night and 
months of tho year, it is easy to goou to tho study of tho 
lessor details of tho groat ciro unipolar region. 

Iho oonstollations that aro uitlior wholly inoliidod in 
this rogioii, or vory nearly so, are eiglit in number, (Ivo of 
them auoiout; tho othor thvoo, G'amolopardus, liyux, and 
bacorta, wore added by Hovolius about 1(>|0, but includo 
no bright stars, and possoss no easily rocognisod features, 
iho five ancient constollatious, tliorofore, claiiu our flrsl; 


attention. 

UBSA MAJO.E. 

I’Uoro is no place for hesitation as to which of 
stollatioas wo should begin with. 

" Ho wlio would BUUl tlio (IglU'Ocl lllclotlj 
Its brightest gotiia to loll, 

Must first direct Ids ml mi's oyo north, 

And loam tho Bonr’s stars woll "i 


these con- 
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tlio 80V011 Bfcai’s BO well known to our own poiiBtinU'y nn 
the “Plongli” or “Charles’ Wain,” Whorovor men have 
taken any uotico oil the stars at all tlioso seven have biMin 
recognised as a natural group, and in earlier agos, Ixnng 
then iiiucli nearer to the Polo than now, they wore anion gsfc 
tlio stars always visible, not only to dwellers in Hindi 
northoi’ii latitudes as our own, but as far soutli ns the trojiie 
of Cancer. It is easy to see how the names of “ riough ” 
or “ Wagon ” for those seven stars have arisen ; their 
natural conliguratiou has suggested them. The thn;e stars 
below, as wo look at the constellation at midnight in the 
autumn of the year, suggest just the kind of curve of a 
plougli handle ; and tho four above in a rough reclangle 
present tho ploughshare. Or the four stars above may 
bo considered tho four wheels of tho rude wagon of which 
tho tliroe below represent the heads of tho tliree horwm. 
“ Chariot ” or “ Wagon ” tho seven stars have been not 
only in Northern Europe in our own time but in ancient 
Creeco, and still more ancient Babylonia. Aratus wrii.es of 
tho Polo - 

“ Two Doara 

Called WaiiiB moved round it oitlior in hoi* pliioo.” 

And Iloinor says that on tho shield of Acthilles were 

“ All thoBo atara with whioli tho broiva of ample heaven are crowned, 
Orion, nil the Ploiadoa, and thoao aovon Atlas got— 

Tho oloflO'botunod Jlyadoa, tho Boar aurnamod tho Chariot.'* 

But how tho constellation got tho name of the Bear is 
far harder to explain, The Sanskrit name “Itikslia” 

signilios both “Boar” and “Star,” that is, “briglit” 

or “ shining ” one, and tho latter word — very justly 

applicablo to tho sovou stars, as being pre-eminently 
tho Btars, the shining ones of tho iiorthoru sky-— may 

porlnips have been puuningly ropresoutod by the figure 
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of a boar. But this assumes that the title is Aryan 
in its origin, wliich is indeed far from certain. In 
default of a bettor theory I am myself inclined to think 
that the three striking pairs of stars below the Plough 
suggested the feet of a groat plantigrade animal. Tho 
lesser Bear no doubt obtained its muno front tho greater, 
since its principal stars are a distorted and fainter copy 
of tho seven brilliants of its near neighbour. Classical 
tradition, according to Aratus, held that they wero 
transferred to heaven as a reward for hiding Zeus in 
Oreto, from his cannibal father JCronos, or else tho 
Grofit Bear is Callisto, one of Zoiis’a many loves, and 

Areas, the Lessor Boar, her son, Tho seven great stars 

of tho Plough are now known by the first sovon letters 
of the Greek alphabet, jirocecding in order from the 
front of tho ploughshare back to the liaudlo. Tho 
names which they popularly boar at tlie prosont day 

are as follows :~Alpha is Bubbo, that is, tho “bear”; 
Beta, Morale tho “ loin ” ; Gamma is Pliocda tho 

“thigh”; Delta, tho faintest of the soven, is Mogrez, 
“ tho root of the tail ” ; BpsOon is usually called 
Aliotli ; hut whothor this name has much authority is 
not clear ; Zeta is Mizar, a “ girdle ” or “ waisteloth ” — 
but this is a comparativoly modern appellation ; Eta, 
tlio star at tlio tip of tho tail, has tlio most iiitorosting 
name of all, since it is called Alkaid or Bonotnasch ; 
tho two names together meaning tho “ chief of tho 
daughters of the Bier,” It will ho romoinb(3rod that 
in Job, Chap, xxxviu., tho patriai’ch is asked, “ Canst 
thou guide Arcturus with Ins sons?” “Arctunis” being 
tlio erroneous rendering adopted in tho A.V, for “y/M," 
the “Bier” or tho “Assembly.” This star pre serves to 
118, therefore, almost unchanged the name wliich the 


1 
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tlio Rovon stars so well linown to oui* oavu peasantry ns 
tlio “IMougli” or ‘^CliarleH’ Wain.” Wherever inon have 
lahen any notwio oi' the Htarn at all these seven liavo boon 
rceogniHctl as a nattiral Rroup, and in earlier ages, being 
then much nearer to tlio I’ohs than now, they were ainongst 
the Ktai'fl always visihhs not only to dwollors in KUtih 
northern latitudes as our own, but as far south as the troinci 
of Cancer. It is (saay to seo how the names of “ ‘J*h)\igh *’ 
or “Wagon” for those seven stars have arisen ; tlujir 
nai.uval («)n figuration has suggoBtod them. The three stars 
below, as wo look at the eonstollation at midnight in the 
antumn of the year, suggost just the kind of curve of a 
plougii handle; and the four above in a rough ro<danglo 
present the plougliBharo. Or the four stars above may 
bo coiiBidorod the four wheels of the rude wagon of whie.h 
tho three below roprosont the heads of the three horses. 
“Chariot” or “Wagon” tho seven stars have been not 
only in Northern IDuropo in our own time but in amdent 
Q ro(!co, and still more aneioiit Babylonia. Aratus wr)t(?H of 
tho Bole 

“ Two BoftM 

Called WaiuB moved round it oithor in her place.” 

And Homer says that on tho shield of Achilles wero 

“ All UiOBO BtavB with which Iho browa of ample heaven arc crowned, 

Orion, all tho HoiadcB, and those boyoii Atlas got — 

Tho oloBO-hoimiod llyiulos, tho Dear Burnaiuod tho Chariot.” 

But how tho eoustollation got tlio name of the Boar is 
far harder to explain, Tho Sanskrit name “ liilcHha ” 
signines both “Bear” and “Star,” that is, “bright” 
or "shiuhig” one, and tho latter word— very justly 
aiiplicablo to tho Bovon stars, as being pre-omimmtly 
the stars, tho shining ones of the northern sky — may 
porlutps have boon xiuuiiingly roprosontod by the figure 
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of (I boar. But tliis assumes that the title is Aryan 
in its origin, which is indeed far from certain. In 
default of a bettor theory I am myself inclined to think 
that the three striking pairs of stars below the Plough 
tho feet of a great plantigrade animal. The 
l(3SH0i Bear no doubt obtained its name from tho greater, 
since its principal stars are a distorted and fainter copy 
of tho seven brilliants of its near neighbour. Classical 
iiadition, according to Aratus, held that they were 
transferred to heaven as a reward for hiding Zeus in 
Crete, from his cannibal father Kronos, or else the 
tireat Boar is Callisto, ono of Zeus’s many loves, and 

Ar(;as, the Tiossor Boar, her son. Tho seven great stars 

of tho .Plough are uoav known by the iirst seven letters 
of the Greek alphabet, proceeding in order from tho 
front of tlio ploughshare back to tho handle. Tho 
names wliich they popularly bear at tho present day 

are as follows: — Alpha is Bubhe, that is, tho “bear”j 
Beta, Morale tho *Moin"j Gamma is Pheeda tho 

“ thigh ” ; Delta, the faintest of tho seven, is Megrez, 
“the root of the tail”; Epsilon is usually called 
Alioth ; Imt whether this name has much authority is 
not clear; Zeta is Mizar, a “girdle” or ” waistcloth 
but this is a eomparalivoly modern appellation; Eta, 
the star at tlu^ tip of tho tail, has the most interesting 
name of all, since it is called Alkaid or Beiiotnasch ; 
the two names together meaning tlio “ chief of tho 
daughters of t,)ie Bier.” It will bo romomlwred that 
in .Toll, Chap, xxxvin., tho patriarch is asked, “ Oanst 
thou guide Arctnrus with his soiis'f” “Arcturus” hoiug 
the erroneous rendering adopted in tho A.V. for *‘Awk** 
the “Bier” or tlio “Assembly.” This star iiresorvos to 
us, Ihoiefore, almost unchanged tho name which tho 
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eonsteUiitiou boro at tlio tiiiio wliou tho ^a*eat drama tiC 
Job waH writton. 

TJy far tho most iiitorcHting objoot in tho wliolo ouu- 
HtoUation to tliu “ aHtrononior without a ti*h>H(;(>in5 ” is 
Mizar with itw iioar companion Alcor, HO in ’Ij'lamHi.ood's 
oiiuiuoratioii, Mizav is in ovory way tho (ir.st of tho 
doublo Htai's. Alcor forms with it a double to tho oy<^ •, 
it has a much closer bright companion which romh'rod 
it tho tii'Ht doublo star to bo dot(«!tud in tho Udijscopo, 
it was tho first doulilo star to bo photograiihod, and it 
was tho lirst ease in which tho spoctroscopo Hhowod that 
tho prinoipal star, which appears to us ovon with tho 
most poworilul toloscopo as single, is really in itsolf double. 
I'lp.silon Ursiu Majoris mark's very nearly tho jdaco of 
tho radiant point of a showor of TJrsid mutcorH, tho 
date of which is tlio 30th of Novombor. b'or those 
(iHti’imoniorH who add tho opora-glass to nalcod-oyo worlc, 
the tlireo stars of the plough luiudio and their iiumodiiilo 
neighbourhood oJTcr many iutorcHtiiig Holds. Ho, too, Mu! 
foot of tho Boar, the three pairs of stars to whah 
wo liuvc already alluded, arc also worth studying wilh 
this amount of optical aid. Tho foreJ’oob Is couipoHisl 
of lota ami Kappa, hambda and Mu mark tlio next., 
Nu and Xi tho last, 


intHA MlXOJt. 

Morale and Diibho arc, as is well known, <!oinmonly (silksl 
(ho “ Pointers,” inasmuch as tho straight lino drawn 
through them loads ns very nearly to tho Polo Hlar, 
whieli is aliout tho same distance from Bnbho as J)nbho 
is from Alkaui. The luimo given it, from its nearnosH [m 
the I’oio, Polaris, is so vmiverHally applied to it, nowa- 
days, that thuro is littlo need to notice tho many Arahio 
namos which it has borne. An opora-glass, however, 
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shows U8 other fainter stars yet nearer the Polo, of 
wliioh tlio ohiof is Tiamhcla UrsDO Miuoris, just on the 
limit of unassisted vision, whilst Q-rooinhridge 1110 is 
fainter still. Throe other stars, visible to the nahed eye, 
may he inoutionocl as within o£ the Polo; Cophei 51, 
which lioa within the boiuularios of Ursa Minor ns the 
ounstollation is usually drawn nowadays, though it boars 
the foregoing designation, wliioh it owes to TIovelius j Delta 
Di'ste Minoris; and Braclloy 81'J)7. This littlo group oC 
stars, though not attractive to the sight, is of the utmost 
importance astroiioniioally, since its components enable the 
profossional astronomer to test the accuracy with which 
his transit instrument points to the north at intervals 
of about two hours. 

Beta and Gamma are the only other conspiouous 
stars of the constellation. Beta was once the Pole Star, 
or at any rate divided the title rdlo with ICappa 
i’Draoonis, and hence boars the name Koohab, ‘‘The 
Star,” that is bo ssiy, the Northern or Polo Star. Gamma 
is a wide double star to tho eye, A1 Parlcadaiu, fclio 
“calveB," usually written Phorlcad on our globes. 

The oonstellation is tho seat of sovoral of tho minor 
radiants, In Bepiembor, thoro is ono from tho noigh« 
boiu'hood of 61 Ooiihoi ; in April, thoro is auothor from 
noar Gamma XJrsco Minoris. 



-V ’ DHAOO. 

<!. Between tho two Boars, and almost onoirollug iho^ 
rjf; Bossor, is a long winding stream of stars, maldug mr' 

< ' the oonstellation of tho Dragon. It is oortaluly ono of 
. the most anoiont of all, and is boliovod by many tp bo; 


llilio erookod serpent of Job xxvi. 18. This is tho Sorpoubi; 


of tho following Unos from “Aratus”:* 
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“ Bebweon these (wo, like to ii rivor's hmncli, 

A miglity prodigy, I ho Sorpoiifc twines 

Its bondings vast around; on either oido 

His coil they move umt slmu the dark blue aca. 

But o'er bho one hia longtliy tail is Hbroltdiod, 

The othor’fl wrapped in coil.’* 

Alplui DriifioiiiH, HoinotiiiKiH oiillod Tliiibiiu (»r Utisla- 
bun, lioH midway botwoon Zola UrKUj Majin'iw uiid 
Gamma Urtiio Minoris. Alpha Diucoiuk wan Mm original 
Polo Star of tho hoavons wliou tin? ooiiHt(dlafcionH tvoiv 
mapped out, a prO'Ominonco it numb have hold for over 
2000 ycai’H, Within this (ioiiHloUation alno in tho polo 
of the ecliptic, almoat in tho contro of tlu^ groat loop 
made by tho Dragon’s folds. 

At midnight on Now Year’s Day, tlio Dragon’s head 
reaches down almost to tlio northern liori/on, two bright 
stars. Gamma and Beta, marking tho lop of its hoad. 
Of those the more westerly is of a rich orange tin!., and 
is the zenith star of Greenwich, and as Hutili was s[iO(Mally 
obs(?rvod by Flamsteed, Bradley, and Airy, tlio second 
of whom made his cliscovory of tho aberration of light 
in connection with it. Three stars, Xi, Nn, and Mu, inaho 
up the ;jaw, Mn being at tho snout. Nu, tho fainlest of 
tho throe, is an opera-glass doublo, 

OASSIOPEIA AND CEPIIKITS. 

From Kpsilon in tho Great Boar a lino through Jhilaris 
loads us to a small constellation, yet on« of tho most 
easily recognisable in tho sky, OaKsiopeia, tho “ Tjady 
on her Tlironp," hor principal stars, flyo in unniber, 
suggesting a W freely sorawlod. Tho only stars of the 
five which in modorii days are often referred to by tlioir 
Arabic names ibre Alpha, Schodar or "Breast"} and 
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Beta, Oapli or “Hand,” or possibly in some alliiBiou to 
lior Inisband Gophons who stands by her side. Tho 
latter forms n larger but much loss conspiciious con- 
atollation, lying botwoon Cassiopeia and tho Dragon, 
its four chief iniddlo stars forming a lozongo j tho point 
of the lozongo most ronioto from Cassiopeia is Alpha, 
Alderamin, tho “right arm,” tho only ono commonly 
referrod to now by its Arabic namo. Delta is ono of 
i|ho most interesting of tho nalcod-oye short period 
variables, and an opera-glass donblo. 

Oophous and Cassiopeia aro especially intorcsting sinco 
they with three more southern constollations inako up 
a rocognisod and unmistakable story pictured in tho 
sky ; a clear proof that tho work of original consiollatiou 
making was deliberate and not haphazard, and that tho 
legends there represented Tfrero in oxistouco Iwforo 
fho star groups wore mado. Brown argues justly that 
•Oepheus is manifestly a non-Hellenic sovereign, Ho is 
indeed often spoken of as Ethiopian, but tho Ethiopia 
tliere meant is not Hubia or Abyssinia, but tho Euphra- 
loan “Oush,” Henco there is no justiAoaiion for those 
'too precise artists and poets who have reprosoiitcd poor 
persecuted Andromeda as a sable beauty, “black” if 
'* eoinoly.” 

Cassiopeia is a constellation that well ropays opera- 
glass scrutiny, and it also furnishes to tho nakod-oyo 
Rstronomor several important motaor radiants, of which 
ono from near Delta deserves ospooial notice. It is also a 
particularly iavourablo neighbourhood in which to com- 
menco tho study of the Milky Way, since tho constella- 
tion passes through our English zenith, It is most 
famous historically from tho appearance of tho cele- 
brated Nova of im — the “ filgrim Star '’-. which 
farmed very noWly the fourth point of the square, or 
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rather rhombus, of which Alpha, Beta, and damma inarlc 
the other three points. 

Cainelopardiis is a great straggling constolhition, all 
the stars of wliich are faint, which lios between Ursa 
Major and Cassiopeia, and stretches upwards almost to 
the Pole. 

Another group is Loeerta, the Lizard, a few faint stars 
gathered together by Hovolius to form a constolhition fitted 
in between Oopheus, Cyginis, Pegasus and Androino^., 
Except that it marks the radiant point of tlio Lacortids, a 
meteor , shower, active in August and Soptombor, tlioro is 
nothing to distinguish the group. Apparently at one time 
the foreleg of Pegasus crossed this region, since Pi Oygni, 
which lios beyond it from Pegasus, boars the name 
Azelfafage, the “ hoof of the liorso.” 



CHAPTER IV, 


The Stars op Spring, 



The four groups of bright stars surrouuding tbo Polo, 
namely Cassiopeia, Capella, tlio Plough, and Vega, not only 
servo as hour marks on tho dial plate of the sky, but are 
most useful as guides to the other loading constellations. 
The Plough occupies tho zenith at midnight during tho 
month of March and tho first fortnight of April, It may 
therefore be usefully taken as furnishing a guide to tho stars 
in view during spring. Vega is overhead at midnight at tho 
end of June, and thus rules over the stars of summor. 
Cassiopeia occupies the crown of heaven during tho first 
fortnight of October, and is thus the queen of autumn. 
Whilst Capella and his companion Menkalinan fide at their 
highest during the nights of the middle of Dooembof, dud 
preside over the star's of winter. 








BH 


The nights of spring bring to the meridian the moat 
; famous of all the constellations of the Zodiac; tho oon- 
stellotion^ that is to soy, of the Liom Its primacy is 
/'beyond question due to the fact that' the place of: tho 
sun at the summer solstice was in this coiastellation j^t 




the time when they were first devised, and no doubt it^ 


/brightest star , derived its name, 
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Icing,” from being tlio chief star of llio paramount sign. 
Both names are traditional in many difEorent couiiti'los 5 
the constellation is tho Latin Leo, tho Helloiiic Aswv, 
the Persian Shir, tho Hebrew Aryeh, and the Baby- 
lonian Am, all alilco meaning "Lion**; whilst onr 
present name for tho star is the variant, proposoil by 
Copernicus, for tho older Latin Kox. ' Ptolemy calls it 
Ba(ri\i(rK09, the Arabs give it Malilciyy, the “ lei ugly *' 
star, and the enuoifonn inaeriptions of the Kupliratefitn 


A, RogHiHfl.- U, Donoljolft. 

Pro. Bion luul llio Hough. ,>• 

refer to it as tho "star of the Icing,” " whilst i 
Poi'sia it was tho chief of tho four ” royal sUvrs. 
Us plaoo, howovor, and iiofc ^its brillianoo, which 

t all 
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the first raagnitutle stars are its superiors in hright- 
ucss. 

The constollatiou of tlie Liou is very easily found 
when the Gl-reat Hear is huowu. 

“’Neath her liintl feet, as rushing on his prey 
Tlio lordly Lion greets the lord of day.” 

The Great Bear at this season at inidniglit is a.t its 
greatest elevation, and below it towards the south, wo 
find the Lion. The stars in it are formed into two 

principal groups ; the Sicldo, six bright stars marking 
the animal’s head and breast, whilst a Itectanglo indioaies 
its hindorquartors. A line from Alpha in the Great 
Boar through the third foot, that marked by jjambda 
and Mu, and prolonged beyond the foot to an equal 

distance, brings us to the centre of the blade of the 

jSickle, whilst another line from Gamma through the 

fourth foot leads to the Kectangle. 

The stars of the Sickle, beginning with the most 

westerly, run in the following order, Epsilon, Mu, 
Zeta, Gamma, Eta, Alpha. In the very centre of the 

trapeziiun made by the fii-st four of those, is the place 

of the radiant of tho celebrated Leonid shower of 
meteors, the showers which gave us such splendid dis- 
plays in 1833 and 1866, and to which in truth wo owe 
our knowledge of meteoric astronomy, siiujo they first 

drew real scientific attention to tho subject of meteors 
and afforded the moans of solving 'many of tlie problems 
which they present. 

The fourth star Gamma is but little inferior to Rogulus 
in bviglitneas, and in a telescope it is an oxtroinoly 
interesting and beautiful double star. It bears tho 
Arabic name Algieba, meaning “ Eorehoad,” though it 
is actually situated on the Lion’s breast. It forms a 
fine contrast in colour to Regulus, being distinctly deep 




Srar llap Xo. 2; The Eegion of the LIou. 
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yellow, whilst the latter is white. Gamma, Zota and 
Epsilon are all interesting as opera-glass ohjoets from 
the eompauions which a sliglit optical assistance brings 
into view. 

Leaving the Siclrle, we come to the Kcctanglo, the 
four stars marking which iire of very difforont inagni- 
tufles. Delta and Theta mark the wesl.crn side ; bU 
and Beta the eastern ; of those Beta is nnich tin? 
brightest, Delta following next. Beta is Denebola, — 
one of the many Denebs, that is “Tail,” winch we llntl 
in the sky, — and from its companion stars, forms im 
bn cresting opera- glass field. 


CANOEE. 

Preceding the Sickle of Leo is Cancer, the smalloHl. 
and least conspicuous of all the constellations of t.lu> 
Zodiac. Its most significant feature is found in tlio 
centre of the group ; a pair of stars botweon the fourt.U 
and fifth magnitude. Gamma and Delta., north aaid 
south respectively of a misty looking object. Tliesi* ar<5 
the twin “ Asses,” standing right and left of thinr 
“ Manger,” Praesepo. 

“ Like 11 Uttlo iniBt, 

Ear north in Cancor’s (orrifcory it (IoiiIb. 

Its confines aro two faintly glimmoving utiirs; 

These are two Asses that a Manger parts.” 

Many a young beginner has fancied that in Praesepo 
he has discovered a new naked-oyo comet, but tlio 
least optical aid shows it to be a cluster of small siarn, 
and directly Galileo turned his toloscopo upon it, lio 
detected its nature, counting some thirty stars within 
its borders. The Asses and the Manger appear to bo 
ancient names, but there are some slight variations 



THE STAIIS OF SFIUNCJ. 




in the (igiiro asciribcd to tho oiitiro <‘<mHt)!lljLllim, 1,1 lo 
Egyptians tracing li(‘i’<3 a HcarabaouB, lunl hoi no of |)u) 
jnoclitoval astronomors reprcsouting ib hy a lobsUir or 
crayfisli. 


bEO MINOli. 

llotweon Loo and Ursa Major is a nnnlorn (■.onslcllii.tloii, 
called Leo Minor, framed by lIovoltiiH i>iit ol t.lm iiiilormod 
stars which ho found in this rogioii^ None o) its coin- 
])ononts oxcoed tho fourth inagnitinlo, a.iul it is t:lii«dly 
noticeable to tho nakod-oyo astronom(^i' ii.h the Innnn ol a 
nicioor radiant of the sownnl rank. 


LYNX, 

Tho Lynx, l^'iug botwecii Ursa Murjof* and (hun'or, in 
an ovon fainter eonstollation than T/(n» Minin'; its hvo 
])rinci}>al stars Alpha and '38 nn^k(^ ii. viHiiit.l pair, very 
similar to tho throe that hiivo alr^Mi.dy beam imted as 
marking the plantigrade foot of Ursa 'Maj'cn', and ns Prof, 
Young has suggested, they iniglit wcvll Lave been lalioii 
to have made np tho fourth, tln)U{gli IiimI l-liis been hh, 
our lloar would liavo been a “ hi^li-Hl. upper ” of hiohI 
un-ursino agility. 


CANES VENA/TIGI. 

Uiuloruoath tho three stars wliieli iiuiK'o the liiuidle 
of tho Plough, or tail of tho Lear, is a bright. Ht4ir, 
easily recogni'/ed. from tho ooinparahi vt3 LarmuiHH of tho 
region in which it is plaeod, wliioli ih Iniowii uk Oor 
Oaroli, “Oharlos’ Heart, " so called bcnnuiHo Hir <J. Senr- 
borough declared that it sbono with poouliar brightnoHS 
tho night before Charles the Second niadtj his entry 
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into London on his restoration. This nanie, liowevor, 
attaches only to the single star; the constellation like 
Lynx and Leo Minor, being one of those which we 
owe to the ingenuity of Hevcluis, who uaniod it Canos 
Veimtici, the “hunting dogs.” Cor Carol! is a beautiful 
double star, the com 2 )onents of which are about 20" apart. 

Almost midway between Cor Oaroli and Arcturus, but 
nearer the latter star, is the cluster No. 3 in Messier’s 
catalogue. 


COMA BERENICES. 

Below Canes Venatici, and immediately to the east of 
the Rectangle of Leo, is a constellation which, though 
ancient, is by no means one of the original ones. Though 
it possesses no bright stars, yet on a clear night the region 
will attract the attention of the sharp-sighted observer, 
for delientc points and films of light are crowded in it. 
Scrviss writes of it : — 

“You will perceive a curious twinkling as if gossamer 
spangled with dewdrops were entangled there. One might 
think the old woman of the nursery rhyme, who wont" to 
swee)> the cobwebs out of the sky, had slcippod this corner, 
or else that its delicate beauty had preserved it even from 
her housewifely instincts.” 

The story of its naming is that Berenice, tlie Queen 
and sister of Ptolemy Euorgotes, vowed her beautiful 
hair to Aphrodite, should her consort return safely from 
an expedition on which he had set out. The consecrated 
tress was, however, stolon from the temple soon after 
its dedication, and tho consequences might liavo been 
very serious had not the royal astronomer of Alexandria, 
Coiion, risen to the occasion, by declaring that Aphrodite 
had caught tho tress up to heaven, in proof whereof ho 


THJi; SXAUS Oir SI* Ell NO, 


4;i 

pointed out tlie eoiistollatbn to tho itnd <|uenii, 

Probably, however, the starH in this i’0}Lfii>ii liiul iLlrendy a 
luilf-iocogniHcd position as forinitig a sopsiraEf' e<iii Hint hit ion, 

and the <piielc wit of the astroiKUYior but coiiliiiiieil ti 
brevet rank. 

VIRGO. 

Iho .Lion is followed in the Zodiiie Ity llio V'^iri'iii, wliicili 
Hcoiius almo.st to lie below the royal beantr, fnr at (his tiiiie 
of tho year tho ecliptic eiirve.s dowiiwiirilH iiiori? Hliiirpl)' 
than at any other jmriod, its doseondiu^ lunh^ lyiiiif elose 
to the boundary of .Leo iind A^irg-o ainl jiinlr within the 
lattei eonslollation. A^irgo, tln3roforo, in <3asily i’oiitnl wimn 

Leo is known, or the old rhyming (lii’oold<ni will jditinlv 
point it out : — 

I'l’oiii tlic Slur l.liroiigli i\rizai' gliile 
VVidi I<)H(r itiid (ligJil , 

Uraocuul, iiiul ac‘.> tlio Virgil) ■« wpitio 
bitTiiso ils vernal Hglili, 
vVixl mark wlmt glorioua I'oritis nro iinide 
•Ikv gold IJiirvcHl ('a)'H, 

AVilh Dtniol) west, Aiyifciirua tioj'lh, 

A I riimglo apiiaara : ” 

Donebola of the .Lion’s tail formiiiff an erpii lateral 
triangle with Aroturus and Spioa, thu priiieipnl ntiir of the 
Virgin, 

^ Tho cluof stars of tho Virgin, six in luniihor, ninko an 
irregular capital Y, lying on its side, t!io Hltmi and lower 
branch of the Y very nearly luarkiiig tlui cdlptie. That 
groat eirelo is particularly (dearly innvlctul out (.hin 
portion of tho heavens. Delta in the TwiiiH.^-.tIio bright 
8 tar below Pollux, and uiarlcing that horo’H right hand ; 
Delta in Oaueer, the southern of the two Ahb(.ih; UuguluH 
m Loo are all iihuost exactly on the ecilijil.ie, and Rlni 
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and Tiiu, two fainter stars in Leo, carry on tho lino lo 
the boundaries of Virgo. Within that constollation l.lin 
line runs a little south of Beta, Eta, and Grain niii, wliicli 
form the right branch of the Y, and a little north of 



P, PolariB. C, GorCaroH. A, AvctiirnB.; 1), llonolioln. K, Siiictu. 
Fia. 16, — Spica and Cop Oaroli, 


Spica (Aljiha Virginis). Whilst a fourth maguifcudo 
star, Lambda, as far beyond Spica as Spica in fi-oni 
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Oanmia, marks almost the precise point Avliero the ecliptic 
nnis into Libra. Tlio upper branch o£ the Y is marked 
>J .^olta and Epsilon. Gamma, the star which marks 

whore the Y forks, is one of the most celebrated of double 
stars. 

Aratns gives more space to the history of this constel- 
'ittion than to any other. With him, she is Astraca, the 
Hpn-it of Justice, once in the Golden Ago a dweller 
amongst men. But when an inferior race in the Silver 
Age succeeded to their fathers, she withdrew to the 
mountains, and fled tlieneo to the sky wlion the JBrazon 
Race fashioned murderous weapons and devoured the flesh 
«f plough oxen for their food. The account of her which 
IS still most generally received, is that she represents tlio 
wheat harvest; tlio oar of corn in her liaud, which one 
would have tliought a fitter symbol of sowing, being taken 
ns representing the garnered sheaves. .But this cannot be 
the case, for Aratns tells us-- 

“ As rushing on his prey, 

The lordly Lion greols the God of diiy, 

Wlion out of Canror, in his torrid car 
•Porno liigh, ho shoots his arrows from afar, 

Scorching the empty fiolds and thirsty plain, 

Seouros the barn the liiiiTcat’s golden grain j ” 

proving, as Brown points out, that Spica was not asso- 
mated originally with the liarvest, since tills laid heou 
already reaped when the sun entered the Lion. A 
further proof is afforded by the old namo of Epsilon 
Yirginis, Vindemintrix, tlie “ .Herald of the Vintage,” the 
>'intago neecssarily falling considerably lator in the year 
ihan the liarvest. 

Tim coB3Wlii,tions of the Zodiim, it intendod to mark tlio 
iovoral aiontlw of the year, ahoiild, being twelve in nmnber 
trotoh each of thorn over 30“ of longitude, noithor mom 
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nor less. As a inafctcr of fact they arc of a most irrogular 
length, Caticor extending only over 18° or 10°, whilst 
Virgo covers about 60°. At an early period, tlioroforo, 
the ecliptic was divided into twelve equal portions, not 
eonatelhitions, and having no direct connection with tlui 
actual arrangoinont of the stars, but deriving their niunoH 
from the constellations which most nearly (.jorrespoiuhid 
to them. These were the Signs of the Zodiac us 
clistingnished from the Oonstellatioiis of the Zodiac, and 
the distinction between the two is one that it Is im- 
portant to hear in mind. The months of the y('ai* 
never did, and never could have corresponded with thej 
actual constellations ; the Signs, being purely arbitrary 
divisions, could always be made to corres])ond with tl«> 
months. Since, then, the conslollation figures are chsirly 
older than the equal signs, it is manifest that none f)t 
the many schemes which have been framed to account 
for the Signs of the Zodiac by the climatic clningirs ol: 
the successive months in this or that country can liavi^ 
any basis in fact. The constellation ligiires wore in 
existence long before the correlation of signs and moutliH 
was effected. 

The Akkadian calendar connects the sixth sign of the 
Zodiac with Ishtar, “ the daughter of heaven,” the moon In 
one aspect, and the planet Venus iu her two-fold chanichn* 
of morning and evening star in another. Early Chnstiaii 
thought recognized a reference to tho promise of “ the Seed 
of tho Woman ” of Genesis iii. 16, in “ tho ear of tho corn ” 
tho Virgin carries in her hand, and in Shakespoaro’s phiy 
of Titus Andronicus, the expression “ the good boy in Virgo'n 
lap,” refers to the inedisoval roproscntatioii of the sign us the 
Madonna and Child. 

The region of the sky enclosed between tho two ariiiH 
of the Y, and Denebola and Leo, lies near tho pole of 
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the Galaxy, and is the ■wonderful Nebulous IJof^'ion. 
those strange bodies are to ho 'found by the hnndroil, 
clustering more thickly than in any other portion of fcito 
sky. 


IIYDIIA, CORVUS, AND CRATKR. 

Close below Virgo are two small but fairly bright (um- 
stellations, the Cup and tho Crow ; the Cup lying uiidor- 
neath the Virgin’s shoulder, tho Crow beneath hor haml. 
The latter constellation is very easily found; Della (Jorvi 
forms with Alpha and Gamma Virginis almost an 
equilateral trianglo, and tho lino from Alpha Virginis 
to Della Corvi leads to Gamma Corvi. When on tho 
meridian, two other stars of about 0 (|ual liright.iuiHH, 
Epsilon and Beta, lie below Gamma and Delta an<l nuike 
up with them a neat little trapezium. Beta VirgiuiM 
and Delta Corvi make a rough equilateral triangle with 
Delta Cratoris, the brightest star iu the contrii of tho 
Cup, a somewhat fainter group than that of the Cro^\^ 
Eour stars in a semi-circle, of which Delta is the niid<1Io 
mark the bowl of tho Cup. These two little groups 
are commonly represented as actually iutorininglod with 
a huge winding snake, Hydra, the longos^t constollat.itni 
in the sky, stretching across some 100° of longitudo. 
Its head begins close to Procyon, imder Cancer, ami it 
extends below the zodiacal constellations of Oaiic(n’, Ian) 
and Virgo and tho greater part of liibrn. It has fo’W 
bright stars, and these not grouped in easily remomhored 
figures ; and the great reaches of barren sky it includoH 
seem referred to in tho name given to its brightest ntar, 
Alphard, Tho “Solitary.” Alphard may bo readily 
found by prolonging a straight lino from Gamma LeoniM 
through Regulus, and dropping a perpendicular on it 



THE ST Alts oif’ SLMUNCJ-. 

from Procyoii. The myths coiiiiecto<3 with tlM< Ihrtn* cou- 
stollafcioiia hiivo uo vorj grosit iiittM'OHh. |{i‘()\vii (inds 
Ilydi’Ji, a “ storm -and- ocoaii- moil 8 tor,” “ Tlio qtiioh flow- 

ing rivoi's soom to hiivo lioen coinparod liy 1 ho Ahloulii 
witli the swift gliding of a huge glistoning Her|)oiil> uiul 
so wo arrive at tlio Idea of the Kivor of Mio iStiahe, wliioh 
develops into an Okoanos’ slrcain, liko tlio WnfHo groat 
Horpent, tho Midgard. Snake. Tho Onp himniiiCH tliiis 
a ‘'symbol of tho vault of heavoii wlut rein n.t liiiu's 
storm, wind, elouds, rain aro eliaotietil ly inixeil " ; and 
tho Crow, or ratluM* JJaveii, is tho eoii.sli‘lhi.tj«>ii of (.h(> 
Storm-Bird. Carl CJ-. Schwarl,/, wlio, iih tho l«*;'i'h>iiiiig 
of last century intorjirolod the coiistelhtiiuuH ns iKuitg u- 
sort of symbolical googra[>hy of ilio cioiiii tries on iho 
west shore of the Caspian, thought tlu.-Ho three coimtel- 
lations ropiusonted tlio pelrolenni widln nf Ihikii. 'f'ho 
gloat extent of the Hydra, with its ftilds and Idiuts, 
show, beyond mistake, in his opinion, Mio slow* oilr (low 
of erudo pcirolonni; tlie Onp is plaeoil (lioj’c to inclieati.* 
the liquid which would have to lie held iti a eiiji (.r some 
such reservoir, whilst the Oroiv iiidicalo.s its in lev hljiek- 
noHs ! 

Of those three constellations. Crater is |joi-hu|)H the heat 
foi opora-glasH examination, yielding Homo preltv lieldn. 
55Gta Corvi, the faint star nearly luidwny betw(*oii KpHihni 
and Botft, shows with tho opora-glaHS im an interesling 
little double, whilst a much closer pair will ho found near 
Beta and sliglitly preceding it, 

* BOOTIES. 

Aretin-us is of the oaaiual atim to ro,w,.„i„„ i„ 
entire »ky, It wo slnrl from the Polo SI, if, wo llii.l i|„u 
the hut Hinr in the Plough Uondlo luiwlo HliitiKht l„ 
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Ai’ctiu’us; or tho curve of (ho threo sturH of I,Iki liiuidlo of 
the Plough, if conliimed, scorn h to bring uh roiiml l.o tho 
same place; or, as immliionod imdor Virgt), Dciuibola of 
Leo and Spica of Virgo and Arcturus mark out a (.rianglo, 
almost equilateral, 

Tho star owes its name to its noarmiSH l.o tlm Ihsir. 
It is Arcturus, the '' Watcher of (-ho Hear.” It is imw i.Iio 
l)rightest star in tho constollatiou 'Hooi-i’S, tho Ibu'dsnmn, 
b\it in the catalogue of Ptolemy it is nol. ine.luded in (ho 
actual figure, but is an “unformed” slar behov him, 
There seems to have been some roasoii for l.Iiis ex<dnHioii, 
for Theou and Hesychius <!all HobUis, Orion, and when 
Arcturus is excluded, tho principal remaining slars of (,lio 
constollal/ion make up a reprosontation, palo and distorled 
it is true, but a roprosentation for all (hal-, of (ho most 
glorious constollatiou of tho slcy. This cinmiuHtaiict^ may 
explain an allusion in Isaiah xrii, 10, whi(!h has pn/.zhid 
many commentators, “Tho stars of heaven a-nd (,1m 
constellations thereof.” Tho word “eonHl-ellalioiiH” is in 
the plural, and is the same word which is in (lie singular 
in Job IX. 9, Job xxxviir. 81, ami Amos v. H; and 
is in ^ each case translated by “ Orion ” with gr<?at 
probability. Hero then it may sl-and for tho two Orions, 
Bootes being one. However this may he, tlio resemblanee 
between tbo two constellations will be near enough to liolji 
the student to trace out tho figure. AreturuH slaiids 
nearly midway botwooii tho Herdsman’s two legs, marked 
respectively by tho stars Eta and Eota; ahov(» Aretiirus 
;ave the throe bolt stars, Eho, Sigma, and Ei»silou, Epsilon 
being much tho briglitost. Above wo find Gamma and 
Delta marking the shoulders, whilst Beta takes Uio pliKui 

Of the cluster of small stars which douotos the head of 
■lOrion. 

• Delta slows as a double star iu tbo licdd-Blass, a bluieb 
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BOvcuih coinjiiinion sluuiiij^ si.f. n ilintaurj' <^^■ a 

lil-tlo nil (lor two mimitos of avo, 


CORONA BO I tE A LIS. 

Arotiinis and Ojimiiui form two poiiita of an (’i|iiilii((>i*a] 
tiiaiigle with Epsilon in tin; ooatns ; tlio f.liicil |K»inl ia 
formed l)j Alpliooea, the “Brokmi Plnttor.” The roiisoii cif 
the iianio is readily seen, since righi, mid loft of Al|dM’r((ii a.iv 



A. AroLmm H, Atj.liowM. 0, (laiioini, ll.ioirH. [>, Ktaai.m Hnol l-i. 
1' Ml. I(i. — AriS.nnirt mid f ln> {'ruwiii. 


four other stars, two on eaeJi hIcIo, ninlciiii^- up n scniirirclo. 
aiul Kuggostiiig to the old Arahhin ntar-gazors ii l.rol;on pinto 
ludd out by a beggar to roeoive abiis. This n'ry sordid t itle 
contrasts poorly with its cliissiiiiU name, 

" Thut Crown wltioh DionyMOM jihn-ril 
01 Ariiidiu) (load, a ffloriona 

aMuMtonstollidion tliongh so siiiJill is, froio its nbapo and its 
nearness to Arcturns, very easy to find. Q,- (.f,„ cd.l rliyjim 
may guide us if wo turn back to Virgo, und jiich out Etmih.n 
the “ Herald of iJie Vintage.” ' 
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“ Prom Epsilon in A^irgo’s sido, Arclin-nn Kooli luid HUmi, 

And jiisfc 118 far again you’ll Hpy L’oronn’s Imaiilooim gain j 
'I'lioiHs no inislako cun well hcl'all e’en hini wlio lilllc knowa, 

For bri gilt and oircnlar llio Crown coii!l|ii(;noimly glowa.” 

The small size and noai. arrang-omonl. ot‘ Corona make il> 
a pretty object for tho opora-i^liias ; ainl. in IHdfi it alTor<h'(l 
a grand chance for tho naked-^^y(! observer. Ij’er on the. 
niglit of May 12th in that year, the <'.onHtollatit)ji suddenly 
jireseiiled am nil wonted sliapti. lOjisilon, tho .star of the 
five furthest to the east, was ovorsliadowasi by a new and 
bright companion whicli outshone Alplieeca. This was 
T Coroime, the first “new star” to appear since the 
invention of tho spoetroscopcs Less brilliant thim the 
new star in Perseus which so suddenly blazed out upon ns 
in 1901, it created, as tho first exainplo of tho kind l.hat 
had occurred in tho now ora of astnuiomy, an even greater 
sensation ; and the discovery in its speetruin of (.he bright 
lines of hydrogen aroused the utmost interest, .li'our novie 
have appeared since the date of T Coronae, inelnding the 
one so recently discovered by Dr. Anderson. So far, 
however, as tho relatively iiicompleto obK((rvn,ti<)nH of its 
spectrum changes go, they soinn to jioint to 'J’ Coionae 
being a nova of a different ordm' from those wliiirli have 
succeeded it. 


S10XTAN8. 

Immediately under the Sickle of lioo, and enclosed 
between that constellation, and CratcM*. and Hydra, is a dull 
region, with a few faint stars, of which only three are brighter 
than tho fifth magnitude. 'Those were eoinbinod by Hovelins 
into the constellation of the Sextant. 



c'lrAn’KK V. 


Tnr': (Stauh or 

VhoA, now ilio z(Miiih «tiu* Tor onr Inl jl.inlrn f]|i« 

miclai}rl,(; of oitrly Hiinmic'r, \ml wUirh ri-oHHo.l Mio uioii.linn 
JtMnidnitjht in Hprinw: ali ih^^ (,i,no wlioii tfio .^oMriMfuliouM 

ware inap|)(!d out. nUimU bcdwi-.-n l.wo 

Iiguvos of luoHf. H(,rikiii{^ Hi^nifinuioo hi l.lio wlkich 

ilnow upon tlio orif^in of tho (:oiiHif.o)]|i.( ioim, lo 

I'Im) woBli of V,!^u lio fivo <;oiiHl.ollafiMnn, l.lio l>ni|{on. 
HorculoK, flu) Soipoiif.-lioblor, I, ho ,S(‘i-|.oiii. nnd (|it» 

Hoorpmn, ivliudi proBont in .loiihln forni Mu; M ivn (. I ; 
nud |:o |;1]« oaHt wo liavo (,]io ro^rion (d' Min llinho l.luvo iii' 
tiumhor—fcho Swan, f.ho ,uni t.lm 4 -oiirtlo|ln(.H)ii ,.f 

which VoKa is it, sole (.Ik; (d.iof ^.on., fl.n i,v,o. wl.iH. in 

roprasoahMl a., an oaj^lo which carrIoH n h-ro round if.. 
UiOclc. 

'J’ti,, ol.l ,,,na(;,,llatic.i. |„r(, 

m tIuH portion oE Uio nky timt Ehoy woiv >»-ortii„., 

Iiapllilmu-d m Olio ,l,.ni|rn„ ( imy „i,|,.,,(a,,| i-.,,. |,,,, . 

KTOupa ,m,|. Oho pliniiM ,,, 

At ,it 01,0 spriiiK 

toi Olieiii on Oho imirulum in Oho hoiiOIi, aii.l olio Dm,,,,,, 

wn.H Ilk,, nuiimo,. 

uo.ai. Juno as. t|,„y l„«l p|,i„u,d t|„, 
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now call I-Iercules, upon tl»o Driij^on in Mif norl.li, 
they pi’ovklocl another hero, tho Sorpont-holthn', f.<t t.riiinph* 
down tho Scorpion in tho south, and tlio 1 loads of (lio I «'"■ 
heroes wore made up by tho stars in tho /.enitli. Hotli ( In* 
unknown warriors, therefore, wore pioturod in (.hose prliiiiti vo 
ideas as erect, but for many j^^onerations iloreiilos Ims 
been to us hanging head downwards in tlio sky >•' *1'’' 
most nncoinfortablo of attitudes, for our ’/onitli, nowiidnyn, 
passes nearly tb rough his feet. 

It is impossible to suppose that it is due l.(t a more 
accidental proximity that those five eonwtollationn give im 
this two-fold picture of a struggle between a man ami 
various malevolent forms. The attitude of ttie .Sor|n'M(- 
holdor is the more significant in that one <»f his l\*el. 
crushes down tho Scorpion’s head, whilst the reveidml 
sting of tho croaturo is curled up to wound Jils olJier lii>el, 
an attitude which recalls most strikingly the propluH'v of 
Genesis iii. 15. 


HEKCUliES. 

A line from Gamma llootis tlirougli Theta, (voriuiae, (.In* 
most westerly of tho fivo stars of the “ IJroluMi Platlor,’* 
brings ns, at an ecpial distance boyond, to llota iti Mu* 
constollatiou of tho ICnoclcr. This is not a brilliant 
coiistoUatioii, having no stars so bright ns tlio seiroud 
magnitude, but it can bo pretty easily traced out. 'hiking 
Beta and tho somewhat fainter star Gamma, jusl. below it! 
as the root, tho stars map out tho calix of a giga-iitic lily ; 
Gamma, Beta, Zeta, lilta. Sigma and Tan, six stars in a 
hcnutifiil curve sweeping round tlio little consl.ellnl.ioii of 
the Grown, forming tho western outline of tho (lower. 
Uorcules is the name now univorsnlly UHcribi.'d to (bio 
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constellation, but the name was foisted upon it in (loin- 
parativoly recent times. Aratus sings 

“A labouring mnn next vise.-^ to our sight, 

Jhib what Ills task oi* who this lionourrcl wight 
No poot tolls. Upon his Uiien ho bonds, 

And henco his nnino, lingonnsin, tloscoml.s. 

ITe lifts his suppliant arms and cluros (o rest 
Ilis right foot on the scaly dragon’s crest.” 

Pile first suggestion that this Knceler was the great 
national Hellenic deity seems to liave heeii duo to Panyasis, 
the uncle of the great historian, .Herodotus. In a pooin 
oil the subject of the great national hero, in order to do 
him the greater honour he sought to idoiitify him with 
the ininamed wrestler of the constellation. The fact that 
despite this effort the identification had entirely failed of 
adoption 200 years later, is as near po.sitive proof as we 
can got, not merely that it was not known whom the 
constellation represented, but that it was known tliat it did 
not represent Hercules. 

On the first curve of the lily of Hercules, two-thirds of 
the distance from Zeta to Eta, is the great Clustin*, 
Messier 13, genernlly considered the finest of the globular 
clusters. It may bo picked up in the opera-glass, but its 
full glory can only bo appreciated l>y those wlio have the 
command of a first-rate telescope. 

Tlie second curve of Hercules rniis through the stars 
Gamma, Beta, Epsilon, Pi and Iota; Iota making a 
diamond with the throe stars in the Hoad of the Dragon, 
Beta, Gamma and Xi. This diamond, Proctor, in hi.s 
ingenious but usually quito uuauthori.sed alterations of 
the current outlines of the constellations, regarded as 
marking the true Dragon’s Head. 

The thh'd curve of the great lily of Hercules extends 
from Gamma and Beta, through a well-marked line 
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r.ii 


oi! stars, Delta, Liunlulii, Mu, tuul Nii, <i* Mm- liOlr 
coiistolliitioii of the Lyro, the hIiu’ <*1" wliicli is I In* 

{•Teat blue brilliant Vega, Uio worth}' rival itt* ArctuniH amt 
Oapolla, if not .su])erior to eitlier. 


LYliA. 

“ Tlicvo is till! SI loll hut siiiiill. And this, wliil.Ht yd 
I'hioviullod, lloniu'H [liorml iiiul nilli!<l if. Lyiv'; 

.1.1 t'oiitiiii' tlio biikiiuwu Foi'iii ” (i.ii,, till) K tiC'i'Ii'r) “Iiii muI. it. ihiuii 
When hrouiflit In iroiivoii.” 

The principal stars of the constellation are very oaKV to 
recognise. Voga. forms one of Iho points td' a. little eipn- 
lateral triangle, tlio other two anglc?s of wlii<ili are iMTiipieii 
by Jllpsilon and Zota. Epsilon is to V4n‘y heeii night a 
nakod-oyo double ; the ojmra-glass He|ni.nLloH tlm l.\vo slurs 
at onco, and no groat tebiscopic po\v<n’ is riMjtiiieil to wlmw 
each star as itself a noat little pair. Z< 3 lii iniirliH niso llii> 
upper angle of a little rhomboid, of wliieli Ibdiij (la.iiiimi, 
and Delta mark the other angles. lOatdi of tln^Ho utais is 
an easy doiilde lor the opera-glass ; .Nil ii.inl liitiiilMln Iming 
companions to lleta and flaimna res])4'eti vidy. Ikdfi. is 
one of the most intorosting of Hliort period variables ; ils 
period being two hours short of thirteen days, in wliieli 
time it passes through two maxim a and tw<' minima, llm 
minima being, however, of inioijnal brightnims ; but an 
ovon wlion faintest it is of inagnitiidir it is always 

well within the grasp ol the naked-oyi.i observei*. 

The Milky Way Hows across the S.ltl. angle <»!’ the eon- 
stollation, and this, with its dazzling leiwler, itn innneriMis 
pairs, its hcantifnl fields and wonderful variable, remlers if. 
a fine region for the opera-glass obsorvor. *l’o t,he naked-eve 
astronomer, it is also noteworthy ns the lioiiui of tlie swift 
motoors of April 2t)th -tlie by i-idH- -their radia.iit point 
being just on tho boundary lino between llereiiluH ami bvva. 



60 


co^’STii: I ;l.\ ti on stui vi hs. 


Tlie consignation is alwajs sliown hoav as an oa”l(^ willi 
a harp slimy vouikI i(.s neck, lunl tlio iianio of Mm [n'incipiil 
star, Vega, refers to this design, sineo it comes from the 
last word of the Arabic expression, Al a I nudil, the 



I'lG. 17.— Lyra, Tli'milpfl ninl AnliircB, 


talliiis •.3woo|,i„g cglo”; i„ contrast to A,,uil,t. 
e prmciiial star of wliioli wo now cull Altnir, Unit is to 

<•'“ ''“oaring 

'Tl.e he,^ of Hcrcnlos is marked hy a Imnutiful orango 
colouied star, Alplui Heroulis, Has al Qothi, tho •• haid of 
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HI 

tlie .Kncolcr,” foi-iniug the soufclioi'iunost point ol' a lo/.cnigo 
of which Bcl-m JJotft imd Delta Horeulis arc the other three 
points. ^ Alpha Horculis is notable in tlio spcetroticope as 
presenting one of the tiuest examples of the third or handed 
type of spoct.rmii. 


OPlllUCIfUS AND SE1UM3NS. 

As mentioned above, the old astronomers who di^pietcd 
the ICneokn- in the northern slcy kneeling on the Dragon 
and crushing his head, placed in the sonthcrii Hlcy the 
Sorpont-liolder, whom we usually call by his areok name, 
OphiucIiUH, trampling on the Scorpion and strangling the 
iSoipont, J.ho heads of tho two horocH, therefore, met 
together near the zenith, and tho chief star of each eon- 
Htellation lieing in the head of the ligure, tho two are close 
together. Alpha Ophimdii, tlioroforo, is very near to Alpha 
Hcreiihs; it is two degrees further south, amt follows it 
across the meridian twenty minutes later. 

Although tho compioror over the Scor|.ion, Ophiuchns i.s 
not for a moment to be compared with his enemy as a 
eonstollation. Tie laivors a great (extent of slcy, his stars 
are none of them of the lirst ranlc, and are not disiiosed 
in any easily followed ligures. Mis jn-incipal star, Alplia, 
■IbiH al Jlague, “the head of tlie serpent eharmor,” lies 

midway between Vega ami Antarcs; as the old rhyme 
has it : — 

I Inoii^h Itas til Vomm Iiciduh diruct llio oni|tui'ing nyo 

WIioro heart. v\nl«r,m, dcrlcH tj.o Houlhont Buimiior Ay» 

OphiiKihns is engaged on a double hihoiir. Aratiis 
describes him thus : — 

“ Ilin Icot stiiiii]) Heorpi,, oiioniimiH hoast, 

t ’riiHlimg tho iiioiiMtor’a oytt ami phittml bretisi. 

With oulBtrotdlual uniiH lio holds Iho Hurpimt’s coils } 

1 1 is litiibt) it folds within ih s(:iil,v (oilsj 
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Witli his right liiiiicl, its writhing tail, ha griispH | 

Its swelling neck, hia hift seeuri'ly ulasjis, 

Tljo reptile veura its crested lieinl on high 
Reaching the seven -starred Crown in northorn sky," 

The lieiicl of the Serpent is nuirkod out by live stars 
in the shape of a capital X, inunediatoly below the senu- 
circle of the Northern Grown. The live stars art; Ih.'ta aiul 
Gamma at the feet of the X, Kappa in the centre, and 
Iota and Kho at the top. The sinavll stars eluMt<iring 
near this X of the Serpent’s head make an interostinj*’ 
field to the opera-glass, but the tip of tho tail, iuark<}d by 
the star Theta, is more interesting still. 'I'lieta may Ix) 
found by dvaAving a line from Beta Heremlis tlirongh Alplut 
Ophiuehi, and it is situated iu a striking channel in (he 
Milky Way, one siddl branch of which comes to an end just 
on the borders of Ophiuchus. 


SCORPIO AND LIBRA. 

The Scorpion on which Ophiuchus tramples is a notable 
beast, and the claim has been made for him tliat he 
occupies a double portion of the Zodiac. On our modern 
maps he lies almost entirely below the ocliptic, whi<;h 
actually lies for the most part in Ophiuchus, not considered 
a zodiacal constellation. This is a striking anomaly if 
the limits of the constellation aro taken as they are at 
present, but if the Scorpion oxtouded over what is now 
the constellation of the Balance as well, it wbuld have a 
much sirongev claim to zodiacal rank than tho Soriient- 
holder could make. In this case, however, there would 
be onl) eleven figures in the Zodiac, and tlm enquiry 
arises— How many constellations did the original Cluildeali 
Zodiac contain, -eleven or twelve? The question is a 
very important one as bearing on tho origin of tho 



Till-: HTAUS 0.1-' SIJAIiMKK, 




/ocliao, since tJio twolTOfokl division is o! 

the aiioienlH liiiving dotorinitied l-lio lc;iif{’Ui ol' llii! 
at; least approxiniiitoJy hel’oi*(? tho eons t.e Hal ■ ions were 
mapped out. 

llie assertion tlnit I, lie (Jluikleaii Zoiline e(iiinisli'(l 
originally ot: only <.*loven eonstellatioiiH is iiin-de e\ pliciJ |y 
l)y iSorvins tho gram mar ian, in liis ('tnHnn'iiliiry nit tin* 
■works of Virgil. The lath.-r in his luldrirss to l.lio t'huf>erur 
Augustus, in tho first (|<;orgie, suggest s Miat. tlu; Npnee 
whicli lies botweon the Virgin and tho folhtwing (llii.ws 
lies vacant Cor him ; “tho glowing Scorpion dni-wiiig luietc 
its arms and leaving for liim a more than itiiipio spnre 
of sky. Our Greek authorities, howeviu', iniido the signs 
of tho /odiu(! twelve in mnnlmr, luit gave to one uf 
the figures a double space; the Scorpion oceupyiiig one 
sign with its body and another with it.H onlst.ietehed 
Olaws. Brown’s explanation of tliis doulilo honour given 
to the poisonons creature is very ingoiiloiis. <.,>iiol.iiig- from 
Aratns, ho points out the old legoud of how Orion wiis 
slain by a gigantic scorpion in puniHhimmt. for his iittimk 
upon Artemis: — 


A nd f»ront Orion loo, IiIh (Mm H(!()r|iioii) ml void. I'eiirr. 
(’ontoiil. Mm.!, Arfcoinis! A. (nle of old 
TdIIh 1(ow Mio Hlroiig Orion Hoized (.|iy relic 
Wlmn lio ill (lliios, wiM. Iiin Hl.iirdy nmci! 

A li.iiilur, mnoto Mm ImnKfc to gni„ (lOiiopieiin Minnts. 
But hIu. lortliwitli niiotlicr nniiiHtcr hnilo-- - 
'J’lio .Siwpion, In. ring deft Mm idnud’H liillH 
Innudaton dMiorsid,,: Tliin, huger h(, ill, 

Ilia grmtnc‘8H Hiimto niul dow, sitnfo Ai-leinm ho clmMcl. 
Ami «(, ’Ma Haul Mint, u lun, Mio Bciirpiot, coiium, 

Orion Iticn to utmost «nd of cnrtli/' 


Orion, tho moat gorgeous of all 
accortlnig to this theory, a shillar 


(Hrowii’n Jt'rifitK.) 
tilO eoilH(,en!lli<HlH, IN 

reproHontiition of the 
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sun; the Scorpion, on the other liand, represonfs the 
night iiiid the power of chirlcneas, “A a tlio Imge hizc 
of Orion, i.e., that of the aun as com pared witli 1.1 lo stiirs, 
is always insisted on, so tins scorpi(nis of tlarlvness are «)f 



A, Avotiii’UH. n, Alkaul, G, Aljilm lAbno. I), IJhk 
f, AiiitirvK, 

Fki, 18. — Aiitai'CH inul a. 


colossal size, infinitely greater than Mio Orion snn.” d’Jio 
gigantic size- of the Scorpion, therefore, was insisted cm 
by bestowing on it a double pcjrtion of t he Zodun;. 

Our present name for the seventh eonsttjllatiini of the 
Zodiac, Libra the Balance, we owe to tlu 5 llomaiiH, Virgil 
writing in the first Georgic: — 

“ Libra die soraniquo pares ubi fecoriL boinH.’* 
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but wo oauuot now say bow far back into aul i(|uil.y I In* 
symbol goes. Tliougb a.s Aralais ti’uly Hays, 

" irnw lU’O its Htiii’H I'of Hpl 01 1(1 1 MU’ mu I roimw n,” 
tlie constellation Libra cun lx; readily I'oimd by an align- 
ment from Arcturns : — 


“ Wliero yon {•aimt Hour (liH|ioH.n a lail, HOok Alkaiil iil. ito li|>, 

I'Vom tliomio a ray atliwnii tlio hiiuoo In nniiMt-Hnul li-oa«l. iinna. (lijt; 
And wlioii ArotiiriiB Ihih Ikhiii jiiiHHoit prnlnnu l-lt* iniiifda’d lino, 
’Twill mark a Klar, as lar URtiin, ilio llrsl in l.iltrn’u 


Al])lia Libro) is an unlucky star ns tn ila name; it 
really should bo Zubon el Goimln, tlie aoulliorn cla.\v ; but 
it is ofton oiillod Znbon ol Ohanuili, l.lio tiorlberii claw, a 
title which clearly belongs to Lola Libi’a>. The slar marks 
the ecliptic almost exactly, and it forms a very proi.ly doiiblo 
to the opera-glass. 

Beta Librro, forming an equilateral l.riauglo wilb 
Alpha Librm and Mu Virginis, in a. slar with a. 


markedly greonisb colour and intorfmting liislory. 
Eratosthenes calls it the brightest of all the si a as in 
the Scorpion, that is in tho doulilo conslollalioii, and 
Claudius Ptolemy gives it as e(iual with Autares. As it in 
now a full magnitude fainter than Aniaros it must Imvo 
faded greatly. 

But passing ou to the Scorpion proper, wo omm* (o 
the finest region of tho sky as seen in soiiiliorn rijalnm. 
There is no difiiculty in tracing out tho Scorpion, AnU 
ares, its brightest gem, is almost cxao.tly as far beyond 
Spicaas Spica is beyond Pegu 1 us ; and Andnnis, Spiou, 
and Antares, make up a magiiillcont rigbt.ii,ngl(,d triaindn 
Spica marking tho right angle. Antan.s stands 'in' 
a long and beautifully winding curve, uiiido of bright 
.stars, which mark out tho body and reverted sting of 
the animal; and fainter stars to rigl.t and l<,Ct show 
Its legs. “There are few eoiistollations,” aa ServiKN 
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truly roiiiiirlcH, “ wliioh hour ho (jI*)ho su ro.soiiiliIjiiHK' lo 
tho objoots they aro naiiiod arter, an f::5(;orj)i<*. II. iloeti 
not require a very violent exercise ot tlie Imiiq'imi.l.lon 
to see ill this lonjf windijifr tni,il ol' .starri, » 
scoi'jiiou, with its Itead to the woHt, and lUnii'i.sliiu}' ils 
upiaised stiiiff, tliat ^'litters with a. piur of twin sliirn, iie il’ 
nnicly to striK'o.” 

The pair ot stars in question are LuiiiImIh. and tipsiloii, 
Lamlula beiii^r the bri|j;hl.or. 'I'o the north mid eioil. „|' 
this pair ot stars, and about 0" (list aid rrciiii btinibda, 
are two star clusters aluuit 4'’ apiirt-di and 7 Messier, 
both^ well worth oxaniination witli l.lie ojirni-idiif's. 

Turmiip; back to Aiitares, tho briKht sl.ar to the west 
of it is Si},nna, and alinust helwoon »Sit-“nia und Anl.iues, 
Imt a little below, is another star elnstor, niindi(U' 1. in 
Messiers eatalot'-ue. Tho entire eoiisttillation is I’liM 
of interostiuf,^ and boantiful (iolds even for ho Hli,rli(, n.,, 
optical assistance as the opera-^-lasa ^ylves. 'rim twtt 
Iinnoqial stars in the forehead of tiu? Ncorjiioii nre Ihda 
tlie more northern, .Delta tlu5 more Hoiith<«rn, dislant 
from Antares rouj^dily one-third tlu; wiij to Ihdii, and 
Alpha Dihne. Tmnied lately below Heta is l.ho bri^dd 
and pretty pair, situated on the ecliptic.. Om,y,n. H.-ornii 
wlulst Nu Heorpii, a little above and lollnwii.K lletn, is 
also a double, but requires a more powerful lens („ hIiow 
I t as sueli. Immediately above Aiitanis is ii’d Merpii a 
star with two eo.n pan ions ; Rho Opliiimhi. a little further 
north, has also a eouj.lo, both within the ^.niup of the 
opora-t'-lasH. 

CloH,, U, Kl,„ i„ 1.1, „ 

«, aJloil by U,,, JI, I n,„ 

(kmsod nuiHH of stars in the lirmainont 

CI.0 „c acv^uvuvlH IV., .n A Ml, 

•'vImmI, by tho way „,v™ ifa „m„u, l„ iu ,„-„„,mim,.,.,I 
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red colour, tho rodd(!«l. I)ri}fli(, nljir in (he mIcv. iiinl, 
therefore, fitly called AnIaroH, thn rival of Aith or Aliun, 
—we come in turn to Tau, then arier a j'np (o Mimihui, 
and then to Mu Scoi'jui, a h)V(!ly |m.ir in I In* njn'ni- 
glass, whilst tho next star lowtn’ down in the rurvo, 
Zeta, gives a region of uiosl, ((xceptiotml lii'ttiilv lo a 
good binocular. To tho I'higlisli observer, Neorjdo hiigri 
the horizon too closely for the I'ltll nmgnilieeiirc of flie 

region to reveal itself, hut for Miost! wln» are liivouied 

with a more southern resideiiee, tlm Milky Way nllaiuH 

here its greatest glory and it.s most sl.rUcing eoin))le\itv 

of form. 


SAGITTAltlUH. 

Following tho Scorpion on (Iio eeliptie eonies I hr 
Archer, Sagittarius, who carries on tho nrord of Hi,. 
Groat Coiifiict uiidoi\a new form, for he, like G|ihiiu>liii.H 
is the foe of tho Scorpion, and In* lays (ho arrow lo (he 
string to slay it. Sagittarius, when on tho moridinii. 
IS almost entirely above our Kiiglish hori'/on, hiil. il. lir.s 
BO low that it is perhaps loss faniiliar to im thiiu anv 
other of the zodiacal signs, for though Se„rpi.. doe's 
indeed- lie lower still, its hrilliaiico has ma.le it hel.ter 
known. Still, there is no diniculty in recognising it ,.n 
a very clear night, at its culmination, whie.h talo's place 

at midnight at tho end of .Tutie. 'I'he old rhyniesler 
directs us — 

“Fi-oin Denob, in tbo «hitol,. Snuii, .Imci-iln, „ lii,„ 

Tlimngl, biiglit Allnirin A,,,nl„, 'tniH u,„ a,,,.,,,.,. 

Or, more strictly spenkhig, |,i„ »l„„il,l<,r, i,mrlu.,| 

W 'll- .? f®’"'-' ^ 

VC buglit stars m m uud.,l,ai„K Hue m, iho 
bmiicli of tho Milky Wlty, which hor,, „„„ 




TnE STARS OF SUMMICK. <)J) 

anmcroiis divisions. IWoding from tho jiiomI. noHhorlv 
of these downwards, they an> lotliurod Mu, Immlxlii, 
l>olta, Epsilon, Eta, and mark tho [msitiou »C tim Arc.lmr’.s 
Bow. A pair of stars, both bearing t(uj letter (liuiitnit. 


A.V«ffu. Ii, D(,«obA,iftf,,. 0, Altai,-. 1). .Sigma .SadUBrll. 

Fm. 19.— OygmiB, Aquila, ami aagitl.u-tuH. 

»■ liHIo u, lulTOLco ot Uolto, „,arlt» Uu, n„ 

Arrow winch tl,„ Archer i„ aiccharsi,,,. at Ih., 

ir ■ ^ 

Omaroa, P,, the ,.„ck c£ tho Hguro, a,..l j.racti. 
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cally exhaust the list «!! its brii^htor stiu's. Alpha itiid 
Bota, the latter a wide doniile star to thi> are in nim 

of the hind logs of the Ma-n-horsu, hut are holow tnii* 
English liori'/on. 

But though Sagittarius is not it dislingiiishod fuiiwOd- 
latiou, viewed as a whole, it is very rieli in objer.I.H of 
the greatest interost in opera-glass or teleseojie. Mii, the 
upper horn of the Bow, is the eentre of a region ns rieli 
in star clusters as the nebulous region in A'irgo is in 
iiebnlte. A wonderful objeet, number K in Messier’s enlu- 
loguG, forms a rhomboid with Mu, Lambda uud DeHii, 
North of Mu lies muubor H of the sauni eatal(>|pie, a. 
star cluster (juito unlike Mmsior H, but almost as atl iviel ive. 
Passing upwards in the same straight line, we eonm In 
Messier 18, then Mossier 17, the famous “ liorse-sboo ” 
nebula, and a little further otf, Mussier 1(1. Tluise elimlorR 
are the principal objects in the little modern eonsiellitl ion, 
Scutum Sobieski, an astorism which llevt.diiis devised In 


celehrate the valiant John Sobieski, king of INdand. and 
deliverer of Europe from the 'I’urk, Proctor and soine 
other modem map makers omit the imiistellation mdiirdy'. 
and for the sake of simplicity it is well that it slnnibl 
be 80 . As designed, it filled a small triangular Hpn<-u 
between Serpens, Aquila and Sagittarius. K. was pi-nrii- 
cally entirely enclosed within the borders of t.he (Lilaxy 
and contains but a single notable star, the variable |.{, .Sonl-i i 
but Its wealth of tolescopie Hlar.4, clusters and nebulio in 
most remarkable. Sir William Ilerschel eslimated tlmi 
m five square degrees of space it contained oim-tlnrd nf 
a mdhon^ of stars. Of its clusters t)m most wonderful 
IS just visible to tho naked eye, and is Messier 11. (,ln, 

Fhght 0 Wild Ducks,-* on tho north-eastern border of 
the constellation. 



TinO S'l’AKH Oil’ HUM Ar Kit, 
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OOJiONA AUS'IMJ.MVIS. 

'.rho foro-IVoi. ()t‘ Sii.f^itliU'ins iins ofl.du nol. hImmvii in Mm 
(losifjiiH nl I'liis i'oiisl.{Oln,tic»n, Mm w'lmrn Mu'y kIioiiM 

(!om(i oci5nj)i<Hl hy Mm HcvulJn'ni ( Jrowii. 

'•oili..,- 

Uelow Mm Av^iliui', tituli'r Iuh (urc-ft'itl-, 

Lml rouiul in roll n jnrno.” 

( Ih’OM ri'ti A /■iffitx.) 

lli() t^oiiH|.olla.l.ioii li<\4 ln»lo\v our I'liij'liwli ]n>ri/.oiij ivilli 
very In iiiiirli: U, I'roni any 

Til Mi (5 Hlar inajis, l*roc.ii)r’H Hitf;|fOHl.<!<l iiamo I'or .-on- 

stollaUoii lm.s Imoii ^rivon |,o tl- -Morollu., Mm wival.li (i;i 
to (linMnKuiHli it Mic liottm- from Mommi, Mio ('n.w.i, lo 
whicli '.Bool, os atrotdio.s IiIh IumhI. 


OY< J N IJ,S. 

ItoUiininc-- to VoM-a, Mm Iccy Hlnr of Miih r«‘{-ioii of Mic 
lioavoiiH, wo liinl ourHolvon in Mm liom.* „r th,! Iljisls, M.r rloao 
io Mm Haj^lo which ni.rrioH tim I,yri' nro mim-ii I lot Bwiiii a-inl 
tho It is a I'oatiiro of tIm priniil.i v<» ooiimIoIIIim ioiin 

which, wliatovcr ita Mif-iiilhai iKiis ran not oHoa j»o Mo' iim-it 
<;asnal iiotiro, Mnit many of Mio Htollar rornm, iml.-o.l, most 
oP tlioin, uro diijilical.oil, ami wlnm tliiia rofnsMnl Mh« Himihir 
(if-'iiros am. as ii. ruh*, not wiiloly Kn|)itratr(l Init plmv.J rlo-m 
l.otfothor. 

la tliiH nj^rion of Mm shy Aratim lolls im, 

“'J’tim'o Ih ill froiil. luioMitir Ari-ow ruNt 

Wit.|lOlll, a IkiW; lltltl lly il, ||j(,H Mm |{iL-,| 

Niiiii'in' Mm JiorMi. Ami niffh a Hdcuiiil Miiihi 
LoBHor ill Kizii, lull, wourt to nniin 
Fromooflaii wlimi iiij.|il, Jliiw , Ui.i ICiar),, miiuhsI." 

In (Jio MiidiiijrhtH of rurly Jmm, |,li„ Htrmun of 
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the Milky Way crosses the sky from duo Huuth fcf) duo 
north, not passing, however, through tho /onith, but hoiui?- 
what to the east of it. Right in tho coiitro of this niiig- 
nificent arch, forming its very keystone, is tlio coustelliitioii 
of the Swan, easily found from it.s neighbourhood, to 
Vega, Alpha Lyrae. The figure of tho " IJird,” »»r a.s w <5 iu)w 
know it, the " Swan,” may bo easily traced out. A long- 
undulating line of bright stars lies parallel to tho a.xis 
of the Milky Way, skirting tho wcstorii odg(; of tbo 


great channel which here divides it. This rojn’osonts tlio 
outstretched neck, body and tail of tho Hying Swan. 
Crossing it at right angles is another undulating lino of 
stars which represents the outstretohod wings of th<i 
dying bird. The whole constellation has often Ixmii 
termed from its shape the “ Northern Cross.” llota Oygiii 
marks the extreme tip of tho Swan’s bill, and lio.s about 
as far beyond Gamma Lyrae ns Gamiiia is from Vega. 
Its name is usually given as Albireo, but tbo nmaning 
and derivation of the word is obscure, and is abut ml . 
certainly due to a mistake. Tho Arabic name is At 
nunkar al dajajab. the “ Hen’s Beak.” It is one of the 
loveliest double stars in the entire lioavous ; tli« priuciiml 
star, oe tho third magnitude, hoiug topaz yollovv, tho 
compamon, of the seventh maguitudo, sapphire hliio, 

and the distance, SS". being within the power of a liold- 
glass. 

Gamma, the bright star which marks tlio iutorsectioii 

let t 7"' h'^ “ 

its It Tii the a ■“ 7 “'<1 

Of dm ? With some strikingly dehnito dark hiiios 
Of tlie transverse beam of the cross , ? 

eastern arm Itpsilon marks tho 

arm. Delta the western, and from Gamma to 



CEPHEUS 



Stflif Map No. b ; Thf> Kej^iot) of tlu’ Binl' 
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Epsilon wo find ono of tlio moHt i‘oinarlvitblo jLfii|w in 
the Millcy Way, the “Coni Sack/’ Alplin. Ims l.ooii 
called Deiieb Adigo, the “ Hou’h Tail/' or A rid if, l.lio 
“hindmost” or “folhnvor,” hotli l.ilhs.s )i.|i|)ri»]irialt' 
enough to its place. The oni.iro regitm of tlio coiiHlolla- 
tion is full of interest autl beimty, wlialo\'(U’ the (.ptical 
power with which it is oxamiiied, rr(^>ni tho nnlccd up 
to the greatest telescope. One of tho many iiileivatiiig 
objects in the region is Oinicron. To tho »>y<> a doiiblo 
star makes a trapezium with Alpha, Oaiiinia and Dolin’; 
the blighter of tho members of this doieblo, Oniioroii, 
in the field-glass will be seen to have two (umipitni<iiiH, 

one on each side, both of them blue, whilHl: the r.Wwf hUiv 
is orange. 


aquila. 

^ Aratus refers to tho constellation Oygiui.s us the 
nrd. without naming its spooies, hut lOratusI heiien 

efiues It as the “Swan,” and its loiigtli of ne,,!< well 

agrees with the identification. Dr. Lamb's .so.nmvhat 

doggerel rendering of Aratus enlarges up<,n his author in 

thJ stor f absohitoly without warntul. 

ov , f ’’‘'o 

triable ^ .•..uil,a»ral 

by the two or, ii a ’ <-‘aHiiy idoiil.iliml 

blw t l - a.., I 

turee w'igut ir ira" : «KU.-a af 

of the Milky Way, Tlio ^ hordc-rs 

Mames:— The middle n ^*^^*'* following 

that u tho . •■Bi.i," 

; the «Soari„e Bagk,” a« 



TIIK STAIW Ob’ SUMMKK. 


7rf 

ti'iistod with Vega, tlio “ Swoojiiiig ” <»v “ 

Eagle”} tlu* Houtlievn star is |{u(;ii, Alsliaiii, the “ While 
Falcon”; aiul Gamma, lilio iioii.horn hOu’, 'rnni/od, tho 
“ Fobbing one.” 

'I'lio rest of tho (umHtollation can bo imule tHil wiGmnl 
much tronblo, but tho lignro is by no inoiiiiM mu ao 

that of CygnuK. Two stars, Zota ami 10|mibm, near 
together, nuirlc tho ti[) of one wing in tho iiofth- w«'Hli'rly 
(lireotion, anti a. very mnoli faiiitor pair, 70 ami 71. 
mark tho tip of tho other wing, about tho naino tli.sliiiiri' 
on tho other side of Altair. ProeoiMliiig I'nHn (biintiiii 
down tho Milky Way, wo lind Mn, Dtdla and lianibiln, 
roprotlueing roughly tho arraugoinont of hIiii’h wliioh 
marks so clearly tho nock and Insad of the Swim. I'Vdlo vy- 
ing tho lino of tho throe staro, Alpha, Elntii, tlainnia, 
wo lind they point downwards to a briglit nlar, 'I'lmta ; 
botwoon this and Delta, but invarer to 'I’liota, is I’lln. 
one of tho regular variabhi star.s of short pt'riod, visible 
in all its pha.sos to tho naked eye, its p(*no«l being mov 
of four hours over tho week. 


SAGI'l'TA. 

Tho ((notation from Aratus givivn a (;oupl(( td’ pnges 
above, refers to a little constellation wUitdi in a ecilgiin 
sense is the most interesting in tho entire eUy, the fiin- 
stellation of tho Arrow. PossoBHing only llvi' liMle 
stars of tlio fourth magnitude, and extiMidiiig iit ii. 
narrow line, but 4” in length, iiun-oasod by tim modi'rim 
to 1.0^ it is novortliehiSH one of tlu? ohhist (nnislellatietiH, 
being moiitionod three times by Aratus in bin e.elebraled 
poem, and having Its five prinoipal Htarn duly cata- 
logued by rtolomy, Tho history of the Arrow wmi 
lost even in tho time of Aratua. It was not hIioI. by 
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Sapttavius tLe Archer; so mucli is quite (•loii.r, for U in 
yiiig high above his liead and in tlio opposito dirocifion 

to that m which he is shooting. Thin is tluj oxnln.nul ion 
01 the phrase — 

"Another Amnv eaat 
Without a bow ; ’’ 

not either of tlie tlireo lieroes, who nvo n<m.r iil liuinl, 
le erdsmaii, the Serpent-holder, or tho ICuo.dor, Jiavo 
spa c let It. The Herdsman grip.s his crook, tlin 
e peiit-holder has both liands full of tlio twining s,n,h<.. 

Us Panyasis tlint tlio Iviicoltu* 

bUl a Gennamciis tells us tha,t one I.uud 

held a clnb, the other a lion’s skin. 

is IlU^mnd!” 

in 1690 iT Vnlpeciila, framed l.y lleveliu.s 

is the ,n U " interest to tho naked-eyo obHcrvor 

js^^ni^streant which radiates from it J tho lat.;; 

hratcd Dumb beH"^ 1 ^ ^hlcscopic observer tho t-eht- 
nebiila, just visible in tho field-glass.^ 








oii A i''r;Ki^, vj, 

'L'iih Stahs (h.' Autumn, 

Tfm-: ovi(k*nc,OH of dc^Hi^ni luid of miiiioutud MioukIiJ- \vlii<di 
llio Htiirs of sujmnor Hupplj, in |.h<t UiroofoUl ropromMiliil ion 
<*f tlio Gri'iil, Oonllicf; and in I, ho }--i*oup of Mio Hirdn, in-o 
<?von nioio diniinct whoii wo <101110 lo l.ho hIiivh cd' iiutiiuiii, 
piOHidod ovoi* by CiisKio|»oia. l,*’or |.!io mnntliorii liori/oii in 
Odoupiod III/ tluH KoaHon of flio yoar by u ohiiiii of Hov<ni 
coiislolhil-ionn, all niariiio in oIun'iKil.or, aiul ())iNHi<<jioia 
lioi’HoIf iH a inombor of a olnstor of conulollal.ion fi|run'n, 
livo ill iimiilior, wliinli, iinicpm aiiion^? l,Iio Hlullar (loniKiiM, 
H0(» forth a diHtiiiot and woll-miojruiMo,] Htory, 'J’Iioho mu 
tlio livo couHtolhilioiis whioh, togotlior \vi(,li OotuK, j»roK*‘rvo 
lo iiH (ho logoiid of Ihii'HoiiK ami tlio innidoji wlioiii lio 
dolivorod, I’lio Htory, an it hiiH 001110 down to iin from 
Oroolc HoiirooH, in ono b<?Iovod of roniaiioiHl.H in all aip-n 
and in nil himlH, K lovcdy inaidoji imioooiit liorMolf of 
any fault, Ih yot oondoinnod, in ordor lo ox|nato tlio 
olVoneoH of hor iniroiitH, to bo ox|.oH<5d to hoiiio lurribhi 
disaHter. Ifor oiihi* sooniK boyoml liopo or li('l(), wlimi, at 
tho vory criHiH <if hor fato a yoniipj horn, who Iiiih alroaily 
abnndantly proved Wm moltlo in olJier fiohln, appoam oil 
the waiiio. ifor beauty and hor diHlroHH alllco ainieial to 
him ; and to his viotorimiK poworw, Imr dolivoi-iiiifio in n 
lif,dit (uHlt. Tho throatoiiini' iiioUHtor in oiiHily dinpoHiHl of, 
and what in-onuHod to lio a grim and torriblo triig<‘dy, 
oikIh with triumph and rt'joioiiig to tho aouiid of woddiiig 
bolls. 
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PliJRSTilTia AND A N DliOM M DA, 


It limy bo, iia Bniwn iiKHmuM un, I but uc liiivu in Ds>‘ 

, Andromedii logeiul Imt anof lK'i' vi'niinn t>r ibo iilbju-i va-liM;.’ 

solar myth. PerHoua iimy bo Ibir-aiiv. fbo wm <•!' bon. 
that is to say, tlio hoIiii* HoiuMoih (flinl in jiio litin’d sibin. 
ft-ud Andronioda, Ida bridi', Mio rony rod «la\vu ; bui 
HO, tho dead myth has piiHriial throiifrb ndinb. win* 
fill it with a human iutonmt, iiinl ho ini Into il v.dlli tb-> 
Spiiit of lifo. Ah in tho wloiy of PyKiMiiiion, it luav 
ho that that which was cold and dead wum I bo oi itdnol ; 
but surely for us, as for liim, t-ho liviiijf (bdidva io umI 
ouly more worthy, but is morn nml and Inn* Hiati l1i.* 
lifeless marble whoRO form kIio lion t. .So wo may rdill lo-di 
upon Andromeda and PorsouH tm m> moiv abr.tiaoi i.m * 

of natural phonomona, but as Mm inn lu.iao.’.ii. 4 

maidou and her gallmil; doUvoror ; the <dd a , oioj 

new and over true throughout tho agon of iho woiid"-^ 
long history. 


of tho live coiistullatiuns, t'liHHii^iioia and (b'|di«*n i, 
were described in a precoding cdiaptor. Tim cbirl- 
ot the group now under coiisidoration arc rany f.. tUul 
wioii once wo hayo found OasHiopoia. Wlmn (•,i,a.i..jtria 

skv"i, r 1°".'?’ '"I'"'' "I' i" 

sto ^ 

8enomUT"l "■ IlKiir,, whi.-l, 

p^ceeding M 



found. TUe MUU, Wa, 
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wliei’tt Cassiopeia is soatod, to tho ojist- point, oi! th<> 
horizon ; aiul ahmj:' its axis, a cliaia ot’ In'ij^lil. stiu*H run 
down from Cassiopeia. Tho hriffhtoHt of lh(‘no Is Mirfak, 
i.e., “ellmw,” Alpha I’orsoi, tuarhiu}' tho idhow of l.lio 
horo as tho word donotos. Thoso Lhrco In-if^-lit siars foriu 
tho upper points of a f^imter W just bidow tlio Hinnllor, 
more distinct 'W of Cassiopeia. Tho lowtir points of 
tho \V are marked by two stars, Itela. I.’orsoi, Indlor 
known as Algol, the “demon’* star, so <?alh‘d from its 



A, Dolii I’omiHl. II, Aliilui IVffiiHl. (liniiiim IVkiihI, 
K Ilnlii AmlfdimMliu!. V, llola TriaiiKnH. (I, (liiiinim 
Pei’soi. K, Alpliu I’oraol. I,, Alj*lia Arlotia. 


1), Al|>lia AiliIi'iiiiii'iIiiii. 
Aiuli'oiiicitiiu. II, liitLii 


lb«. 20. -Tho aveiUcM' “ W *’ loiil Llio " Bi|uar«.’' 


wonderful variation, and Beta Triiiii^iili, fclie brip’litoHt 
star ill tlio small but aneient oonstellation of the 
Triangle, 
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TRIANGULUM. 

This little cbustellation, insignificant as it is in itself, 
is of great iinporlancSj from the ovidciieo Avliuih it 
supplies that the ancient constellations were tho roKiill. 
of deliberate design and forethought. Brown's roinni-lcs 
ou this point are so just that I may bo forgiven bir 
quoting them. Referring to the typo of explanation 
popular in a certain school, he says They woiiM 
say that someone noticed these stars, saw they roaoinblw) 
a triantde. called them the Triangle, and ovoryoiie olm, 

0 o\\e( suit; a pretended explanation avIucIi nioroly 
repeats the fact that such a constellation exintH." It 
IS ceai, as Brown further points out, that thoro aro 
lundreds of stars which might have boon combined i.. 

nZ! suggested sueh a 

sti-on^^l ^ ^ ^ suggested it mucli nu>rti 

““ i" ‘1“ ''wwi "C 

le selection therefore of tlioso by no nicftim 
eonstellation of tho Triniiglo 

Of «'» '•'‘■•00 con«tclla- 

<-H.eionotA.at... omrirr/it '!! ™ 

"1>« garJnnded hMd,-h« ,l,„ulde„ bnra admiro - 

he st.ll m heaven her oaptiye form retain- 

^’-"8 the galling oha^is- 

-PEGASUS. 



yGjwOiiGNy • 
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of the fullest and most detailed of any. There is no need, 
however, to quote the whole, but ho calls attoiitioii. to tlio 
circiinistauce that the star, no’w kiiow'n us Al])hji Aiulrn- 
niediie, the upper left hand star of the square, is common 1 1 > 
the two constellations. Its name, Alphoratr,, “tlm Horse,” 
perpetuates tl)e same tradition — 


" Close nnd above her head the wondrous stood, 
With hoof and wing exerts a double speed. 

So close they lueot, one brilliant star tlioy Hliaro ; 
Its body it adorns, aud dccts lior liair. 

Hie side nnd slionldcr witli tbroo otliorn graced 
As if by art at equal distance placed.” 


That is to say, these three with the star common t.o tlwi two 
figures make up the Square, 

Of Perseus, Ai'atus says, after reforriug to Audromeda r 


” iror anxious oyes 

Gleam bright with liopo ; beneath her Porseiia (lies, 
Iler brave deliverer— mighty son of Jovo— 

His giant strides the blue vault olimb and move 
A cloud of dust in lieavon. His falchion baro 
Ilcaches his honoured stop-damo’B goldon chair.” 


The “cloud of dust” alluded to is the Milky Wji.v 

wi. „„ 

,w '’7;®'““ ‘I'O field in the ontirn 

Alpha tol'rvdrcl 

Ha Persci ” ' through Gamma and 

Cas.lo^L lioa?"’, 

Pwseus, one of the <•£ 

present. Then again 

fo-a h, ;au:rpe::i‘'’;r‘"‘‘ f r*" 

Algol, lies tire comet-like cl«sta r\r 

ciwster, 34 Messier. OrossiiiK 



'rilli) STARS OF AU'I'UMN. 
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over to the (ioustellatioii of Androinoda, Gamma Aiidro- 
medao marks tJio iioighboui’liood of the shower of 
meteors associated with Biola's comet, and now en- 
countering' our earth about Novomber 23. Passing on 
to Beta Andromedae, wo (hid it Bio starting point of 
a lino of throe stars pointing upwards towards 
Cassiopeia. Tlio next of those star.s to Beta is Mu, the 
third .Nn, close to which, towards tlie cast, lies the great 
nebula of Andromeda, 31 Messier — after the great nebula 
in Orion, the (iuest oxamplo of that order in onr skies. 

The entire region of Perseus repays examination with 
the o])cra-glass, and of Andromeda the region nearest 
the MilK'y Way. Pegasu.s is much loss interesting, but 
possesses a nakod-oyo double in Pi, the star in the horse’s 
lioof. 

Wbon the second jiair of the stars whicli compose the 
Square of Pegasus is on the meridian, the entire southern 
horizon from tho south-west almost to (he east is held by a 
succession of designs, all of wbieh ro|)resont either llslies or 
luariuo animals, or else streams of wal;cr, 

Tho livst token of these marine symbols occurs in tho 
pretty little constellation of the Dolphin that coils itself 
behind the outstretched wing of the Eagle. Then 
follows the llsh-tail of Oapricornns. Next we have 
Aquarius, with tho broad stream (lowing from liis owor, 
and tlio Sonthorn Pish at liis foot. Aquarius is 
succeeded ou the .Ecliptic by the long constellation of 
Pisces, a jiair of fishes united by a waving riband. 
Below tills group two other constellations repeat in 
more terrible form tlio design of tho water-pot of 
Aquarius. A, huge marine dragon known to us to-day as 
Cotiis, tho “ Whale, ’ but traditionally rather of saurian 
form, like the 

“ Monstrous ofl; that of ohl was lord and miiHtor of eartli," 
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pours forth from his moutli a vast bifurcating lloml, wliioli 
sweeps clown below the horizon. 


BELPHINUS. 

The first member of this series lies near Pegasus, aiiil 
is easily found. A lino from Alpha Ophiiiohi tliroujrh 
Zeta Aquilae, and another from Alpha Cygni through 
Epsilon Cygni, will meet together in a pretty little con- 
stellation, which, once picked out, can never bo forgo ttoji, 
its leading stars being so nearly equal in inagnitiulo aucl 
so close together. This is the constellation of the Bolpliiu, 
coutaming ten stars in Ptolemy’s catalogue. Two of 
these aie a little brighter than the fourth magnitudo, and 
seven others range from that down to the fifth. Alpha, 
l^ta, Gamma and Delta form a coinpaet little lozongo, 
the straight line of Gamma and Delta being coutiiiu(><l 
on by Theta and Epsilon. Though tho Dolphin is one, 
ot the ancient constellations, the names attached to tlio 
two principal stars are quite modem, and are duo to 
a piece of very clumsy humour on the part of Pia/,/i. 

dul/rT '“taloguo ho intm- 

"‘i Svalooiu, 

imtil it'' ti'ouhio to otyiiiolugiats 

Piaozi'i, 


CAPRICOENUS. 

" n'"’ “r“ eoustoUatiou to Stt^it. 

taiius, and is small and easily found T..o.f o . 

is a cootauv or mao-horao 07 ^: . ‘ 

iiivariablj a goal.flsU Tha ’ ts aluioat 

/ goat hsu. The goat has usually boon or- 



rill'; SI \i{s di-' At riMN. 


nr. 

I'Uinul IIS sij'iiil yiiij; Mm snji u.i. Mu* miliilici* 

(l.iit i.ri.ir Mull. imiisuM lias ihu Hi,n I,,,,. ins 

In ,m,v.. in Mm „|,y ; .■.mh-hiu,nMiiK 

{.'out nr ,1„.X ,i,jn|,h,<l ns M,tt sy inl.nl of Mm ,>liinl,ii,fr 

'>r Mi- nnn. vvliilsl Min /isli-liLlI |...ii,tn.| h. M,|. 

ini'lwinlnr. Wn Idu.w, Innvnvnr, Mml Mm 
'■'•"Kf-lia(inns ivnin Mi!ij.|K<il <miI. umnv cniiltiiinn bnl„rn 

I in wiiilnr snistlicn |,.|t j,, ( Inurimni, ninl Muil Mir 
n'pliiMiil.inn, liownvnr tn-tmiinuH, was lull a liiln frimnu. 

'vimn nil ,u‘|,ual nC Mm ninniiii,[ nf Min 

Hi)?li liinl linnii Insl. 

( HlH'in.orii MIJIV 111' iniiMil liy drnwiiiK ii H(niit;:lil linn 
M'"m Vnj(a. I.I. 1 HU,.|, Allair. OnmKa. Capimnnil linn jm.i 
iiH fur linlow /Mluir as \'n;ra lion dhnvn il, an<l iimrliii 
y"” l^“-l•ll,r jjoal. 1‘ai, inniin.lialnty ,,|,ovn. 

"I'nnul nil Urn Hlrni||lil. Ii,in IVoiii AlMiir, a.nl Alj.lia 

ami Hnia, wliinh marh Min mnf. nf Mm Imnia ami Mm 

‘"•n lm( liM.ln in M,.. Him, 

"Illy -niisi, lnrul.lv lii^.lmr i,|,. Alpliii. in Al^.sli, u|,m|i 

MinaMs -Mm Knal."; Uni,, m 

«lanK),|nrnr.” 'I'lm Ural, of iu a I .lunliln, 

•"'<> If IH iiiinrnaliii,; io iml.n Mial, il. Imih Imn.mm m, mm’ 
l'»>-'Mivnly rn..nnlly. Tim l.wc alum liavn m, rni.l mrm 

“Mx'M a..<l Minir ,irn,.nr nmlSmi i« 

‘■aiTym,; l.lmiii a|.ia.rl. Iiy morn flnn, a mil. 

<’• in It IhoMsuiul ynara. M.'Hi, I.Uprinnnii ia ,i|„n a 
I'l'itnlilul .loiil.ln in Mm uimni-jjIaiiH, M,,. n,i„(or alar Imiiin 

"ly •►Mmr uHirn of ni.y ,,rnai 

•nKliInnsu m Mm nn.iafnllalio,, „,rn Xnla. Mu. a,„| 

IVltii. wliinli ma.i-h Mm lisli.l.MI. l)n|(,a ia imlnnil Mm 
»nf{lil.nH(. u|.ar n, M,n wlmln a.!ilfrinm, .nnl Imiuv, (lm namn 
, ‘'Ml.ir nf l.lm (toaty Ii’nUnwi.iK /.-la 

•y aliDMl Mm Ha.nm .lialaimn Miaj, Alplni, ia IVmii lima. 

niinrii-iflaHii will allow mi a laii.L ]M.in|. ..f li^.|H., :iu 
MnuHjnr, a lar^^n nluatm’ of mniarltublo rinlnmuu. 


m 
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AQUARTirS. 


*' Down from Iniglit Vegn, cast your gliuico noroHs 1 lio Dolpliiti’n RpiKui, 
Then just ns far again vou’ll find the Watorbonror’s pliuto. " 


Aquarius is one of the stmg-gling- eonstelliitions, iwul 
pretty ueavly ovorwliolnis Cupriconius. Ho has b(!oii 
figured from time immemorial as a man pouring out a 
stream of water from a pitcher ; l)ut for Sinno rcastni, 
which is now lost to us, his right arm is strel.clMMl haok- 
wards to the fullest extent possible so iis to roach ov 4 >r 
almost the entire length of Capri(!orn. The ligure is by 
no meaus clearly marked out in the miiin. Tins streiuu 
from the pitcher can be tracorl in the numbor of fiiiiik 


stars in the eastern portion of tin? constellation, wliioh 
lead downward in wavering curves to F«>nml1uiiit, a hUu* 
of the first magnitude and one of the four ancitmt lioyaJ 
Stars. Dwellers further south can recogiii.so Ifomalliaut 
^Yithout any difiiculty, since Achernar Ih'.s just midway 
between it and Canopus. But at miduiglit tluring the 
first few days of September it is imposHiblo for 
English observers to mistake the star; it lie.s low down 

on our southern horizon without any .serious competitor 
near it. 

Its mmo PomivUiiuit siuiply inimiiH “ tlio 
rIoutL," for strangely enough through all tin. hmif 
centnr.es that the star.y synibols have co.no ,lown to 
us, Aquarius has alrays been shown ,w pni.i-iug fort.h 
us st..ean. of water into the mouth ot a lish ; sui’cly 
the strangest and most bimrro ot symbols. 

the 

star'etrr “. o'"' “ tl.o - fortnmrto 

of fto E»iS i Beta Aquavii. ono-third of the 


^v'ay 



'I’lii': sTAKs <)i-' AiJ’i'r.\{\. 


H / 

iToni Alpha A(|ii»ni |u CaiM-ii-nnii, is S.i.Jul i-Un\, 

llu! ()| lilt' llldlvV, ^ SU|)|lf PSH'I I | 4 » ||> llli> 

good lor I, MHO iiMciKlitig (,ln, pn^isiiii.- of winli'r. Aljdio nu>\ 
llola nmrii l-ho (.\v.. Hhoiihl.o-H of Mir Will . m -|MO irrr, an. I 
Miroo hrighl. mIuth tioiir Al|.hti, IjaiMma, Kin, a in I Mi, wiih 
11. roiirl.h, Zola, iilinual. in Mm canl.i-o ..I lltr I lian. jf.., 
itinrli (.In? l.ady af (ho pilohor IVoiii which A,|iiaii.ia ia 
pouring. 

I ho oulHfroh'hoil arm <>1 A(|Mjiriiia i.a inarhcil In a a|i|»UM\ 

oiu-vocl liiio oC kIiuk oxlcn.ling IV.im Ih'la A.| laAlpl.a 

Ouprioortii. 1' wo fairly hrii-hi alar.s, .Mu ainl Kiciilon. umr 

Alpha Mapricorni, givol ho place- of M,r \Va Icr- hc.u ru Vi 

I'll Mk* middlo of (.ho arm ia Nn, a iiiiicli fniMlcr .Inr, aial 

ahoiil, a dogroo and a. half pn-codiiig it. .In ,| har.-ly 

wiUiiii Mio jiowor id' an opM-a*jvlnH.H In reveal M 

poilll, ol lighi, ia one of (he liinal. .if Mm 

planotary Mohula.. Midway IM-I.weoti Alplianml Mela Aiiimiii. 
hM(. ahovo I, ho lino joiMing Ihem, in M. i', in Mm I ..f Mm 

\Vn.lor-poiiror; "a heap of lino Ma,n.r’ wheie ...leh nraiu m a 

Him. 


(!K'i'irs. 

Tim liguroH which toll (,lio atory of |\.raoua an. I An.li- 

«iioda. are omineM.od wil.h (-ho aocm, walory 

l»y C'ol.ll«; (lui Oliomy from whi.-h I’eiHona rmmim.l Mm 
maiden, and it.Holf mnphal.ically Mie Son uM nimlor. Nnr 
IK Urn eonnuH.ion limilod (o Miw nno .leajgii, for Mm e.m 
Htolliaimi ol I'iacoM hmt hemi plainly uami In enrrv on Mi,, 
thought ol Mm hoatilily helwooti Mid-im and 

which might oMmrwian rocogniMoii ..wing (.! 

tlio diHtaneo whioli Ilea liolwoun tlmni in Mio ahy, Tim 
Hlimm, KridaniiH, loo, which Cotim appoam In liavn’ ii.nin-d 
out of liiH month, ia ovhlonlly an iulogml p/ii (. of iho «!„, y 
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as "we find .it iu the hetivens, though the old Greek legend 
has lost trace of it. The five constelliitions thorofovo of 
the Hoyal family, as tlujy have been (iiillcd, have a 
distinct eoiinection with some at least of the fl(!VOu 
marine groups. But at all events the gathering togotlior 
of these seven, all of the saino watery character, all in the 
same quarter of the heavens, no dissimilar forms being 
permitted to intervene and break tlio chain, is a veiy 
striking circumstance. 

It is impossible to suppose that the assooiation of 
these seven watery constellations in snoh close con- 
nection with each othei’ can bo merely accidental. We 
may dismiss at once the idea that tlioy have any H])e(!ia.l 
reference to the rainy season, for an eighth water (;on- 
atollation is supplied us in Hydra, the AVator Snake, 
which, with the seven just named, very nearly completes 
the circuit of the sky. Wo should therefore have to 
conclude that we were dealing with a climate which was 
rainy throughout the year, a circumstance not liludy to 
be symboliKed in this particular fashion. 

Anything like an adequate discussion of the true 
significance of this grouping would lead us too far 
astray our present purpose. Greek mylhology sjiw 

in Cotus the monster which Neptune sent to destroy 
Andromeda, in punishment for the pride and insolonco 
of her mother Cassiopeia, and this, of course, is the account 
of Aratus. 

"AEark wliero tho aavngo CotiiB, oroniilitug, oyos 
Andromoda, sooure in norUtorn ekioB i 
The Fieii and liornod Bnm liis progrosB hiiv, 

Nor dares ho pass tho trook of Plioobus’ ear,” 

Brown identifies Cetus with the Euphratcan Tinniat, 
the spirit of Chaos, the enemy of the bonofleent gods, 
and opposed to law and order; and ho notes, that the 




XXIV m\ xxii XXI XX xix xviii 

S; The Segion of the TTater-bearer, 
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soutliern heavens are generally given ovtu* io (iroakires 
of like ill significance — Hydra, Scorpio, Liipns, Cor v ns, 
Canis— representing, with Ootns, and perhapH Lopus, the 
“ Seven Evil Spirits ” of Akkadian luyiliology. 

To the eye, the principal stars of Cetns form the out- 
line of a lounge chair, spreading ov(n’ a vast exi)anHe 
of sky, its lengtli being 60°, its average; breadth 26". 
Though none of its .stars are bright, Beta only being of 
the second magnitude, and Alpha about 2^, the general 
outline can lie pretty easily followed. Proeiiodiiig fi-oiu 
east to west, Kappa, Alpha, Hamina, Delta and Oinievon 
mark out the headrest of the lounge chair, or if we 
pi'efer so to speak of it, the lower jaw of the monster. 
The body of the chair is carried on by Tlujl.a and Jilta, 
whence the axis of the constellation curves down to 
Beta, the footrest of the chair, or the tail of the Insast. 
The back leg of the chair is marked by Epsilon and 1.M, 
in a straight line with Oinicroii; whilst Zeta, Tan and 
Upsilon, springing from Omicrou in a graceful curve, 
mark the front leg. Only a few of the stars have 
distinctive names in common use at jircscnt. Alpha is 
known inappropriately as Menhar, the “Snout,” as the 
title moro strictly belongs to Lambda, the fiflili mag- 
nitude star above it. Beta is Diplida, the “ Erog,” its 
full name being Dijihda al Tania, the “ Second Erog,” 
the first being Fomalhaut. These two stars wore grouped 
together by Aratus as well as by the Arabs. 

“ The aouthorn Piali boncafcli Aquai'iufl glides, 

And upwards turns to Coins* soaly sides. 

Rolls from Aquarius’ vase a limpid stronin 
Where miraerous stars like sparkling bubbles gleam ; 

Blit two alone beyond the olhois sbino ; 

This on the ITish’s jaw — that on the Moiisler’s ajiine.” 

The star of Cetus is Omici*on ; its title of Mira, 
“'Wonderful,” being justly given to it because of its 



THK OF .U”l’l!MN. 




I'cmarlfiiblii vn rial ions. I.l dooK noi occur in !IM.oI('niy’s 

Oalaloguo, and <lio lirsl nicordc.d olwctrval.ion look ^lin.co in 
wlion Diivid k’aln'iciiis ohnorvcHl it ii,s a lliird iniigni- 
liido shiv. At its niininniiu it oiitivoly disappoavK from tlio 
iiiiii.idiHl siglit, its brigl»tn(!s.s sinking down in tlm oxtroino 
case as low as mag-nitudo 5).^. its inaxinmin in UHually 
about tliat of tlu! third niagnlliido, btil. it has boon known 
aliiioat to equal Aldobavan. its period of varia.tiiui oiicupies 
eleven nioutbs, for aliout lialf of wliicli it. is invisibk'. to 
tlt(3 naked eye. Under ordinary iureuinstiinees, thendoro, 
its brightness at maxiiunin is bnir hundred l.imes that at 
ininiinmn half a. year I'arlier; wliilsl its e.vtremo range of 
brightness is four tinie.s a-s great an lliis. Uiieh a vurinlion 
still batlle.s onr every attempt to aecount for it. uatis- 
fuetorily; the (i-xplanation whie.h obtains most e.urreney, 
namely, that Mira is a <lying sun, the Hiirfiieo of whiek 
from time, to time is nea.rly hidden by miormons sunspots, 
is but a crude giuiss which lea.ves us still with many 
diflieulties. It is eiirta.in l,Iia,t a vn-riation in tin; eiisi? of 
our sun of l)ut a tithe, the amouiu. of Mira’s would leave 
this eartli as bare of life as a. nnd:(!t>rite, ore it hud passed 
through a single eoiirsc of its changes. Yet Mira is hut 
the chief mid rojiresimlative of a large elass of varia.hle 
stars. 

IMStJI'lH. 

The idea of Oetus as the persecutor ol: Andromeda is 
<:a,rried out on our niodern star iitlases hy th(^ intiCrventiou 
of the /.odiacal constellation of the li’islies, and iiideud the 
aiTungement is warranted hy the deseriptiim whieh Aratim- 
has given us in his ]H)ein — 

'* Wluiro tiui oi|U(ifcor i)ii(8 llie /otliim lino 
On iho blue viuill., tlio KHOtn'iiig Fifllios bIuih). 

Tlimijjli I'll)' iqnivt, a (liiumnul at it (h loti ohiiin, 

Oliisping tboir ailvor tuilH, unllon fclio twain. 



( ;0 i\S'!’ ro l, I - A '1' I ( )N H’l’ 1 1 1 1 1 ICH. 




Tho nortlioni oin> nioro iiviiflit ie Hcoti lo j'lidi) 
iltoniniUi llui upliflcd iiriii tiiul ii<<a)' 11 lo siili' 

Of liiii' Aiulromcdn.” 

Thu knot ol; thu riband uuhially ruHls on (lio noob ni’ I, In* 
HuLL-Moiisfccr, and aw thu riband strtd.ctu,>H northward to thu 
Nor thorn Fish, tliu lattur is of ton n'ln'iistMitud as |da.vin[j;- 
thu part «E C'otus, and actually I'asbinin^ on tins sidi' of his 
duvotud victim, who might otherwise Inivu sniilod Huunndv 
at thu distant hate of tliu Sua-Moiistur. 'I’lu'i-u does not 
apponr, however, to bo any sullioiont tnidilionid lud.horitv 
for this relatiousliip. Thu (dassiral lugunds iduntifv (hu 
twin lishos with Aphrodibi and Kros, who plunged into 
the I'hiphmtos to oscapo from tin* atlaidi: of the inonsUn- 
Typhou; clearly only an impurliict Oruulc run<h?ring of an 
Kujduutoan traditioJi. The donbling of thu lishos is siip- 
posod by Sayeu, but manifestly without ilm; (rause, to bet 
duo to blio double month A.dar, that is to say, Adar with 
tho iutorualary mouth Vo-adar. Tliu constidlations must 
havo boon, and worn, mapped out long before thu division (d‘ 
tho /.odiao into tho twelve ecpial signs of !{()'' each, assouiated 
with tho months. 

Although Hscus is a particularly dull tunmtullaiion lo 
tho ualcccl eyf‘, its two hrlghtcst stars, Kta and (hunnnr, 
barely suriiassiug tbo fourth magnitude, it is an easy 
eonstellatioii to trace out, as it consists (diielly of a number 
of stars between tho fourth and liftli magnitudes, arranged 
in two obvious streams. Alpha, lilie most easterly star 
of the constolhition, is not far from Mira. Oeti, and niarhs 
tho knot whore tho two cords attaidiod to the tails of the 
two lishos are tied. This is implied by its nann^ Olcda, 
from Okdn. al ICaitain, the “ knot of tlio two tliriiads,” 

** 'ike hHIcoii bitaclB tlint Join tlio tiiila 

Mcot ill a gtar upon I ho AltaiBtor'H scuIuh, 

Boiioatk Orioii'fl foot iCi'klanuB lieghiB 
ilia winding eouree, luid l•cncllCH Ci-tus’ line.” 



T.rri'; S'I’.vks oi;' aijtcjm'X'. 




KRIDANUS. 

I lio coiisl.olIiiUon oi; t.l»o Stfoani is a I-i'i'KCs but not 
spiniially woll inarluKl ouo. Aratiis ii.nd ,li]riitOKtlu 3 n(.‘S 
l^i\c! it tho luuno “ I'Ji’iilamis,” and it booiuh cxirumoly 
piobablo that tho AUkadians idcntiiLotl it with llic 
]'iU|dirattia as tin? Egyptians with tlio Nile*. lirnw'u wiu 
sidois that tlu) iianio “ lilridainis ” may bo a Turanian 
rivov luiiin?, muaninj. “strong river.” Tho lueaniiig of 
the jtlaciiig of the river in this [)art oT tho hoaveiis is 
not a[)i)areut at lirst sight, since tho sliory of I'ersiiits 
juid Aiulr(nu(!da, with which tho Sea - Monster is eon- 
iK'ctod, gives no record of a stream or river, unless we 
eormidor tliat the coiistellutiou refers ii» tin? Hood, to 
cause tins abateiiiont ol: which Andromothi. was saerilleed, 
11. this ho so, then no doubt .Eridanus staiuls for the 
(heat Deep ol tho Erimoval Chaos of which the Sea- 
ilon.sh;!' typided tho iiidwolling priiiciplo. Droetor has 
ma.m in the constellations surrounding Aral a note of 
tho lirbnaw aiceonnt of tho great DoIuko* nutl it is 
possible Unit in this Hood of Eridanus which the Si.'ii- 
Moiisl.ajr panu's lorth li'om his month, thoro may e«[ually 
he at iniaaiuibconco of tho same groat flood which iigit res 
so hu'gely in Daihyloiiiaiia taudition .♦ 

Oaily two of tlua stars of tho constollaitioai hoair npeciid 

Or it- tuny Im (’(niiasSrd wilh iiti Akkailiim tniditioii roferring to 
II yrt imrlior tiiiiu; *' wlmn wit.liin Mio goa tliovo whb ai atromn ” whicli 
llowod on boali hhIou of ftridii, tho Kdon-oity, .situated in tlio Abysu. 

llio Aliyss 1)11(1 not bcun iinnlo, I'lridii bitd ikji Ijouk coaisarnclcd, 
i 1)0 filoi'iniiH lumsi), (bo boiiuo of lliogode, ils sunti hiii.1 aiat lj«on iiiiide — 
'I’lao wliolo of (.1)0 IftTidn woi'o ecu. 

Wlnni willini tijo soa tlioro wiia a HU'ouni, 

In til lit (lay ftridii was anadc.” 

rhi(;lio«’ Ti'ditslalhtt of Iho AkkmUao Crmdau Lpr/eml, 
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names in common nse to-day — Alpha Eridtuii, a bright 
star far below o\u’ English lioi’izon, is now hnown as 
Aclieimav, meaning “ the end of tho river. In ]i*toleniy ^ 
Catalogue the star with the corresponding title is our 
Theta, a star some 17° further north, lint appaieutly 
it WHS felt the constellation lost its meaning unless it 
was prolonged downwards to the horizon, and. hcnc(5 as 
new stars came into view with southern exploration, tho 
constellation was prolonged to within 32° of tho southorn 
pole. Beta Eridani, tho brightest star in tho part of 
the constellation familiar to us, and close to Rigol, the 
bright star ou Orion’s knee, is sometimes known as Cursa, 
the “ footstool " or " throne ” of Orion. 

ARIES. 

Close beneath the lower points of the greater W, noticed 
above in describing Perseus, close, that is to say, beneath 
Beta Porsoi and Beta Trianguli, is tho small but distin- 
guished constellation of the Ram. Ho can also bo found 
readily by following the stars which mark tho belt of 
Andromeda. Proceeding from Hu Andromodro through 
Mn and Beta, we find at double the distance between 
Nn and Beta the extremely flat triangle which marks tho 
Rain’s head. As A rates tells us: — 

"No splendid gems his golden (lecco udorn, 

Two dimly glitbor on liis crooked liorn. 

If you would find liiin in llio crowded skios, 

Boneath Andromeda’s bright bolt lio lies.*' 

Of ihese three stars, tho brightest, Alpha, is tho furthest 
to the north and east j Beta, tho next in. brightness, is 
next also in position ; and Gamma; tho most aoutliern 
and westerly, is the faintest, A compact little triangle 
about half-way from Alpha Trianguli to the Pleiades 


'I'iiifi S’l'ATis o:r Airi'uiMN. 05 

<:<)ni])vis(5H pi*iicti(;iilly all tho other important stars oi: tlio 
(ionstcllation. 

^ ilio mytholog}' of tlio t5onstollation is as little striking 
iiH is its acitual a]>j)oaraiico in ilic alcy. It is, oP course, 
nsHOcsiatoa in Greek mythology with the voya<;o of the 
Argo; it is iuchiod tho Earn wlioso golden flecico the 
Argonauts went forth to seek. But the story <;arrica no 
(ioiivieiiou with it, nor is there anything in the surrounding 
conshillations to Hupi)ort tho legend, although so great 
4111 aiStronoiner as Sir Isaac Nowton hold tliat the stellar 
symbols wore intended simply as a record of the Argonautic 
expedition. 

An explanation which at (Irst sight appears more 
plausible, assorts that the Rain was tho constollation 
in which the sun was placed at the spring oquimix at 
tho time when the constellations were imippcd out, and 
that as the first of the /.odiacal twelve, it was natural 
to syinholi/.o it as the boll-wether of the starry Hocks. 
Unfortunately for this theory wo know that tho con- 
stellations wore mapped out at a far earlier epoch, whoii 
the cijuinox foil in tho middle of the couBtollatlon 
Taurus.* At that date the constellation of tho Ilain 
came last of the /, odiacal twelve, and to represmit it as 
tho stellar bell-wether would have boon absolutely tbo 
most unnatural thongbt possible. 

Yot from an early ago it has had that ]JOHitioii, It 
is tho leading sign in tho systems of astrology whicdi 
have come down to us through tho Greeks, and it figures 
as tlie loading sign in. most of tho explanations of tho 


* Air. 11. lirowii, on piiRo G4 of Vol. I. of “ Priinifcivo Constollatioiia,’^ 
following an obvious slip of I'rof. Snyoo, says Hint Iho otollar Itam 
“onwards from n.o. 2510 oponocl tho yoar," inatoad of “ from 2010 
1/mrs agOf* Hio tiino wlion tlio etpiiaox imlly foil amongst the throo 
flnrs of tlio Kam’s Itoad. 
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constellation figures wliicli liavc come down to us I’roin 
itnticjuily. 

There is a great signilicjiiicc iu this fact. It proves 
at once that these astrological sj'stcms and these theories 
of the coustellation figures, not only toolt their rise at 
a later epoidi, but that when they took their rise the 
real origin and menuiiig o£ tlio designs had been wholly 
lost, 

The only stars in tlie constellation tliat are usually 
known by their Arabic names, are the thre(! in the 
head. Alpha is known as Hiuniil, the “ Ram," the 
brightest star being put for the entire eonslellatiou. 
Brown indeed asserts that the stellar Itarn was in tho 
first place only tho star Hanuil, tho constellation being 
formed round it aftorwui'ds. In Cliaueer tho star is 
referred to as Aliiath, that is to say, “tho horn -push,” 
a name more eominonly associated nowadays with the 
afar on (ho tip of tho northern horn of the Bull, Beta 
Tauri, to which it is oven more appropriate}, 

“And by his oiglito sjm'os in Iu'b working, 

ITo know full well how fnr Aliittlh win bIiovo 
li'ro tho head of tliilko (Ix Arioa ubovo, 

That iu tlio niiittio sporo (jonsidcroil jh.*' 

Since tho actual stars wore accounted to ho jdacud in 
the eighth sphere whilst the twelve 0 (|nal signs of tiu) 
Zodiac, each of thirty degrees of longitude, wore placinl 
in the ninth, Chancor is hero stating thal; his astrologer 
know the distance from the lirst point of Aries, that is 
to say from celestial longitude 0°, to the first star in 
the actual constellation Aries. In other words, ho knew 
tho amount of precession. 

Beta and Glamma bear tho uaincs Shorataii and 
Mesai'tin, the former word mciiuiug “tho two signs," 
tho latter “tho two attendants." Tho two iiaiues taken 
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jiif't'l ln*r lliiin‘tnrt’ tiMMii "iln! imt :iM. n-} . mi( ■ uMir.- ' thi .. 

I Wit Hhii'H ln’ini!: (ii ui H-iiuii ■. ..n H 

A Kiiiall i'(iiiKl<<)|itl i<<ii ill till > I *■ I ' O ►! 1 • ■ ^ tilt t i. ; 1 n i| * 

Vi'Cinvi* II, linfir-' linim !-■ i..\v fin !'■ ij.lmi 

tUllI fliitu' liy lilt* lii-ji'l 111 I , !'> til.' h>*!. i'l.'Mj' 

l'li|inil('iiK, lilt- " l'’iiri'|iinl lO ii Hnii'!-' h r. s!? 

dll' h!()' ill HMcIi a iiiaiiiM't a-i i.i ''Hi-j:-' it I'. . 

Ih nul- rilNliioK tliniHi;li Ii.mvih isl'.m , l.ui ic ,u .1.. ,. 

(■nm|mny ivilli h viilu* rrlliiiv, li. m.i. . I, ■(., jn. ■' 

lull wIlliHf IiimIv i>i |]ifM<'ti li.nit MO. Im, 

Pl'I'llHlIH. i'. 11. It llt. Il!t..H. il iM, 

lull. Il' if) aliilcil lliii.t lli|i|>.ii>'liM'i .i it ''ri ii- 

foniH'rly In III.. |iMi|.lnM It m, .l.onl 4 

wi' iitiw Imvc il ill ilic .jiliilMj-ii,. rt.-l-ini. 
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'I’llH M'I’AIIH ok VVintku. 

'I'mk loii}^ uij^liln ol wiut(‘r iiro (In? (.iiiu; wlioii Ltiu hniivojilj 
liosl.s ill tluMT iiiokI, roaitloiulonl; s(|i«uln)iiH, Sirina, 

l)y lar ilu^ ol: it.ll Uio Uxod Htar«, remdios ili« 

nitirHliiMi 11 . 1 . «>!' Now Yoiu-’h Day. Orion, tin? 

iuo«l; Hj)l(!tnlitl niii['’lo oouHt.olliil.ion, Ih oroHaing Croiu rO.iU) 
to II. 10. Hit) Kamo uij^liL rrooyoii, l;lio lawHor J>o}p 
H(.ar, followK .SiriiiH in il.s mmihiiig by aboiit loriy 
iniiuil.fw. I'lasl. and. wohI; of llioso ant (,]u) |;wo brlfflit 
•/odiatial fimHi.idlaiions of iiio 'l.’wina and Hio IbiU. Moiil.li 
and oaHl. of .SiriiiH itt tlio liugc'Ht, of lih« oouHtollalionH, 

tho Hliip Argo, roH|)l(!ii<loiili wil;h many brilliaiiL ntura, 

1ml. diKtiiignialn'd aiiioiigHl, all l.lio Htollar groupa ]jy Uio 

numitoi'H and l.lio comiiaol, oliiHUiring of tho mnall Htara 
juHt oloarly witliin liho gmsji of tlio unaidod flight. 
ArattiN niarlcH tlio H|ic)oiii.l glory of tliis rogioii, though 
Dr. Tiaml) fiiilH, an Ihj toif oftoii doon, to ropro.spiit his 

oxact moaning. 

'Mdrut riHO uliliwurt tho Midi- -iiiajoHlio 
Oi'iuii'u ((iioit liinltn nml atioiililur.i bright, 

Who but utimirna liiin Htiilking tliroiiglt tho sky. 

With iliuiiuiiiil-studduil holt uiul gliltorinnr tliigh. 

Nur witli loss nnloiir, pi-oHning on IiIb bnok, 

'flit) inoillml ] round ]>ur«iioA bin (lory truck. 

Dark uni hi« lowin’ parts as wintry night, 
llis hoail with huridng ntiir, iatmisoly bright, 

Mua cull liini Hiviiin, Cor his blasting breath 
Dries inortnle up in peatilonoo nml ctuulh.*' 
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TAURUS. 


There is no difficulty at all in finding the ])riiici])ii.l stiirs 
of the Bull, tlie original leader of the /.odiaetil twelve. 
The Pleiades, to the naked eye by far the moat atriking 
star cluster in the heavens, mark the .shoulder of the 
Bull; the Hyades, a looser, but yet brighter group, mark 
its head. The latter group forms an exceedingly w(;)l- 
markecl capital V. Aldcbaran, Alpha Tauri, a bright 
orange star, marks the upper loft hand of the V. 
Epsilon Tauri similarly mark.s the |)oint on tlie rigid., 
whilst Gamma marks the angle. 'L’heta 1 and Theta ‘2 
lie between Alpha and Gamma, and three stars niarkisd 
Delta lie between Gamma and Epsilon. Eollowing the 
two branches of the V eastward to jiboiit four tinu'.s 
their length, Ave come to Beta and Zeta, which mark 
the tips of the two liorns, Beta, the northern horn, 
being much the brighter of the two. These are the .duof 
stars in the constellation, for the Bull, lilv(‘ PegaHus, is 
shown only in half length, and beside his liwul and liorns 
possesses little hut the forelegs. Iota Tauri stand.s just 
midway between Beta and Zeta on the ono side, and 
Alpha and Epsilon on the Other. A straight lino from 
Iota through Gamma leads to Lambda Tauri, ami followed 
on, passes just below Omicron Tauri, wliich forms a nair 
with. Xi Tauri. 


The names in the constellation in familiar use to-dav 
are^ restricted to the names for the two groups the 
Pleiades and the Hyades, to the classical names for the 
m ividual stars m the former group, and to tlie two 
.tars Alpha and Beta Beta, as .Iready noted, is Alnath. 

the horn.push' ; Alpha is Aldebaran. ‘-the follower.*’ 
that is to say, of the Pleiades. 
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A 1)111* I’orsoiis loioOj till) Ploiiuls iioxt aro rolled 
Like HO von puvo brilliimts sot in ring of gold j 
'J'lioiigh cucli 0110 Biimll, tlicir siilondonr all oombino 
To form oiio gom, and glorioiialy fclioy sliino. 

Tboir nunibor Hovon, tlioiigli boiuo men foudly miy 
And pootH loign fcliafc ono has pusHod invav. 

Aloyoiio — Columo — Mcro])o— 

•li Uiol.ra — 'I'liygota—aiid S toroji o — 

With Miiia— lionourod Bisfcorliood— by Jovo 
To rido tho HoiiBona plnoccl iti lieavoii ubovo. 

Men mark Iboin rising wiUi tho solar ray 
Tho liiirbingnr of smnmor’H hrigbtor day. 

Mon mark tlioni rising with Sol’s Hotting light 
Ifororimnors of tho winter’fl gloomy night. 

'I'hey guide tho jdoiighnmn to tho nioUow- hind j 
•l.lio Howor (mats his Heed ut Llioir eoniinand.” 

Of all tho Ktar gronpn none liguroH ho largoly in inytU 
and logoiid and litoratum as tl»o PloiacIoH. Tins naino 
Pk'iadoH is jn-obahly dorivod Itoiu llio Gnaik l^loioiio.'f, 
“ niany,” and aooords -\viili tho Holivow Kimah, “ Ijio 
cluster tho Babylonian ‘MCiintii,’’ “ tlio family,” and llio 
Arabic Ath-thiirayya, ” tbo little onos.” 'I’ho nainoH ^.-ivon 
to tho individual stars aro tlioso of tho sovcii davight<!rs 
of A.tlas and Ploiono. According to Acsoliylns tho_y worn 
placed in lioavoii on account of thoir lillal sorrow wlioii 
thoir father was turned iido tho niomitain and ladon Avitli 
tho weight of tho llrmainont. Of the munoroiiH other 
nainos whicli have boon given them, tho ” lion and 
Ohickons ” is one of the most familiar. Thus Milos 
Oovordalo in a marginal note to tho book of Job in Jiis 
traiiHlation of tho JJiblo, calks thorn ” tho Clock Honno 
with her cluclvon.s.” Many of tho Crook poots refer to 
tliom as “the dovos” or "rock pigeons,” writing their naino 
ns " Poloiados/’ They were likowiso tlio “ Vergil iao,” "tbo 
stars of spring,” or tlio " Atlantidcs,” from thoir fathor. 
Modern astronomors liavo cominomoratod Atlas and Ploiono, 


r 
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the jiavoiits of the sovcii, in l.lio pair ol’ Hhirn nii ilic titsl. 
of tlio group, , 

Their value to the aiic.imilH iih an indinilion nl' (lii> 
seasons and Uio progress of llio your was iintneinii*. As 
noted ill I)r. Laiuli’s unduly expanded piirapln’iise iVoin 
Aratus tjuoted above, their heliaeal rising nliowed Ihe 
eonimencomont of suininer, their aeroiiieiil rising (he 



Ifio. 21.~'J'lio rioiiuloH. 


conimencoment of winter. .T<\mr theusund yi>iirs ago 
they marked the position of the snu at (.he spring 
equinox, and wore thoroforo then espoeially closely nm'. 
nected with the revival of the foreos of nature in (he 
opening year. This no doubt is the first meaning of 
the reference to “the sweet inlUionco of tho IMeiades ’’ 
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nw 

m Jol) xxxvnr. Wlnl.si- iu wHli (lio mm |,lmy 

wort! hi(Mon from vit'W for fctrly ilayn, ronpju'iirino ii.h 
H unmiur drew noar. TIuih llosiod siiij'H 

" nioro 18 a tinm wluai forlj’ daj’M lit' 

And iiii'lif M laoo'ralccl I’l'titii hiiiiitiii «yv; 

lliil in tho tioui'flo 1)1’ Dio rovolvirin yoiii’ 

Wlioti tho Hwaiii HlmrpM llio Hrytlii', iiituiii n)i|n'gu'," 

fn Novombor, on Iho lininl, (.hoy iii'o up all i»i|.d>b 

iiiiil aro on tiro iiiorii’lijtii iil. iiiiiliuj'lil,. In mohh! iiiyn(oriouti 
way Mioy booiniu! aHHOoiulotl wilb (.)io inomorinl ultsorviiiin'M 
lor llu) dojttl wliioli in no imiiiy nalitma iiavo uIwuvm hfon 
usaoeiiitod with (,Ium iiioutli of Novoiuln'r, ami wliitdi hccmu 
lo {loint to Uui groat dliriHiitin (miinnonmration of All .SaiulH' 

I )ay. 

A k(i(m sight will oouni iiiim or (on ulnrs in tlio group. 
MouKUiu, aooording to hiH pupil Kopl(!r, n)niit.i>(l four- 
twn. Miss CliriMtiilicl Airy ploltoil (wolvo; Iml. tlioso 
liigli uunilxirH aro Jinrdly obtainoil logil.iiniiloly, iniiHnuioli 
as (hoy inohulo hIuth lying il(. sonio ronHitlorulilo iliHlum-o 
from tho main portion «>f Mio group. Hix Htarn aro 
fiisily noon, ami auuuig.st niitioiiH tlio most witloly Koiitlorod 
jnid uiiooniK'obul, wo rtml Urn (.rjutition l.lial. l-hongli h ]\ 
.stars aro only viniblo l-o-dny, sovtm was llioir original 
numhor. Tho jirolnibilily hooihh iJiat I.Ium in no nicro 
logond, bill, tho roinird of Jtii iiHlroiioniioitl fuol.. Hovcral 
of tlu! proKont I’louuloH lu-o Hlighl-ly variahio, ami Aloyono, 
tho loador in bright.m*HH l.o-day, xvoiild stsmi |,n Imvo 
only attaiiiod that rniilv wil-hin Mio hiH(< f»!W ooiitiirio.s. 
lli i.s thorof(n'o qnil.o <!ono<MVitldo tlial; ono of (,ho 
moinborH of tho group, now too faint |,o ho doloolod 
without a toluwoopo, may in timo piisl, havo fully rivallfnl 
Iior sistors. 

liven Huoh small magnifying ])owor as an oporu-glaHH 
otiu loud gnnitly iuortiiiMOH liuj boiunty itiul iiiloront of 

J 2 
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both tlio Pleiades and the Hyacles, and the whole region 
between the Bull’s horns. Close to Zeta Tauri, tlio 
sontbern horn tip, is the Crab nobiila, the first in 
Messier’s catalogue, and, from its comot-liko appearanco, 
a snare to beginners in the art of comet seeking. Zeta 
Tauri marks rery nearly the ratliaiit point of a shower 
of very slow and bright meteors, active at ilio end of 
November and early in December; wliilst Epsilon Tauri 
is not far from the radiant point of tho other groat 
Taiirid stream, active from October 20 to tho oiul of 
November. 

Lambda Tauri is a variable star of the same class as 
Algol, Beta Porsei; that is to say, its variation is due 
to the transit across it of a dark companion. Its period 
is lb. 12m. short of four days ; its maximum, or rather 
ordinary light, ranks it of magnitudo 3'4; at miiiinium it 
sinks down to 4'2. 

AITEIGA. 

“ Next fclio broad back and sinewy limbs appear 
Of famed Auriga, dauntless cliarioteor, 

Ear ill tlie north hia giant form begins 
Iteaching athwart tho sky the distant Twins, 

The sacred goat upon hia shoulder rests, 

To infant Joto she gave a mother’s breasts. 

ICind foster nurse ! Urntcful lie placed her hero, 

And bade her kids their mother’s honour share. 

=*»* *##*# # 

Auriga and tho Bull together meet, 

Touches his star-tipped lioru tho here’s feet. 

The Bull before him to the west descends 
Together with him from tho east nsconda.” 

Beta Tauri, the northern horn, belongs also tradi- 
tionally to tho constellation of Auriga ; now known as 
“the charioteer,” although no chariot is visible, ami 
in Ptolemy s star list as well as in our modern ropro- 



star No. 10: The Segion. of Orion and tlie BidL 
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fioiitations lie is described as in the attitude of a aliop- 
lierd, carrying a goat on his shoulder and a pair oi: 
little kids in liis hand. The Greek name for the con- 
stellation is Heniochus, “ the holder of the reins ” ; a name 
preserved for ns in tho Arabic name for Beta Anrigiu, 
** Menkalinan/' “the shoulder of the roin-holdor.** 

Tho chief stars of the constellation aro easily jiiclced 
out, Oapellaj a bright star of a yollowi.sh creamy light, 
ueiirly balances the steel-blue gem Vega on tho opposite 
side of the pole star, and with Menkaliiian (Beta Anrigai) 
lias already been described as one of the great guide stars 
of the circumpolar regions, and the zenith star for tho winter 



A.fCapclla. B, Moulcnliunu. G. Castor. D, Pollux. JO, AUlokmui. 
P, Alnnth. 

ViG. 22.— Auriga, Gtomitii nud Taurus. 


midnight. Taking Beta as tho head star of a cross, Oapolla 
the western extremity ol tho erosshoiim. Tliota the 
eastern, ami Iota the foot. A stoaight lino from Theta 
upmrds through Beta leads to Delta, a star which marks 
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tho head of tlie figuro. Of tlie hhriH? Hfcar.s imirlciiig l;lio 
little triauglo hy Oapollii, EpKilou \h noarost to Oapollii, ami 
Eta and Theta, known as the Hnodi, “ the kida,” nuii'k tlio 
short side of the triaiiglo- 

lu recent years tlio conshdhition has hetvii most dis- 
tiuguisbed by the api)oarnne(3 of the lunv slitr discovered on 
Eobruary 1, 1892, by Dr. T. D. Aiiderson, nsing only a small 
pocket telescope. Tlio position of the Nova is in the 
Gxtromo south of the constolbition, aliout JE to the nortli of 
Beta Tauri. At the time of discovery it was about tlie 
5th inagiiitude, and slightly brighter than (Jlii Anrigio, 
which is just 2*^ to the north of it. 

aiohriNi:. 

Pas.sing on fnrtlior to the w<5Ht, a pair of bright starH 
are soon as far below the foi'c-foot of i.he (Irtsd I {ear 
as Alpha is above it. These are Castor and I’oihix, tin' two 
chief stars of tho tunistellation (hnnini, the “'I’wins.” 
This constellation is, acijording to Brown, a stellar repre- 
sentation of tho grout Twin Bretlinm of tlie sky, tho 
sun and tho moon, who join in iniilding a niystonouH 
city and who are liostilo to (!ach other although they 
work together. In (daHsiifal legend t.hoy are tlie children 
of i^ons and Loda, the DioHkouroi, and liy no nioaim have 
tho fratricidal relation which this Inl.erjirebulion would, 
suggest. Tho idea of atrifo hotweoii sun and moon is 
natural enough, and m> doubt many stories like that 
of Komulus and Eoniua took their form froni sneh n. 
uatnro myth. But tho idea of strife is not the loa.ding 
one ill most of tho logonds ndating to the Hl.ars Oastov 
and Pollux, who arO' indeed shown as man and woman 
oil many Zodiacs, ainl I tluuk that lliis hud roudm'H 
it questionable if it is safe to press far tlio tlieery 
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that the aiioieiits, so to speak, solarised tho stars, dosigning 
the constellations to perpetuate tho stories in which 
they had d,raiiiatized their conceptions of solar aiul lunar 
relations. 

The limits of the eoiistellatioii ai‘o easy to traco out. 
Four fairly bright stars, nearly in a straight lino, mark 
the feot of tho Twins, whilst Castor and Pollux mark their 
heatls. Tliey are standing in hict ujjon tho Millcy Way. 
The four feet stars are jVIu, l^u, Gamma, aiul Xi. C1ob(3 
by Mu is Eta, another star in the foot of Castor, and 
in the neighbourhood of these two stars is a splendid 
cluster, 35 Messier, which is just visible to tho naked 
eye, but which well repays examination witli an opera- 
glass. Castor is one of the most celobratcid of double 
stars, though of course altogether beyond tho grasp of 
an opera-glass, as the components are not 0" ai)art, but 
the constellation as a whole is a fine one for oxainiiiation 
with the opera-glass, especially in the region of tho 
Milhy Way. The contrast in colour between tho two 
principal .stars, Castor and Pollux, is noticeable enough 
even with the naked eye, but becomes very striking when 
the glass is turned upon them. Gemini forms tho In, mo of 
several important meteor-radiants, tho principal one being 
that of December 10 to 12. 

Zeta Gcimnorum, which marks the kneo of Pollux, is au 
opera. glass tloiihle, a seventh magnitude companion being 
distant from it a minute and a half. 


ORION. 

A stmight lino dropped from Oapolk throngli Botn Tanri, 
H.e nor hem horn of ehe Bull, leads straight to tho cent, -o of 
Orion, tho bnghtost and most famous constellation in tim 
sky, and the most frequently alluded to in Utomtum, anciout 
or modern, sacred or classical. 
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Both tho Authorisod and tho Koviscd Voi’sions of 
tho Bible refer the Kesil of Job xxxviii., 31, to this 
constellation. There is mnch probability that tho 
rendering of tho Kovisod Version for tho other two 
constellation names inontionod in tliis text, AUli and 
Kimah, “ tho Bear ” and " Pleiades,” nro quite correct, 
but there is move uncertainty in the present identiticii- 
tiou. Kesil means “ impious, mad, robollioiis,” and as 
such is traditionally supposed to refer to Nijurod, “ tho 
mighty hunter before tho Lord,” supposed to be tho first 
groat conqueror, and tho first to sot iq) a tyranny bused 
upon military power, One difliculty in rendering Kceil 
by Orion is that tho same word occurs in tho plural in 
Isaiah xiii,, 10, whore tho word is translated ” coustolla- 
tions.” If Kesil, therefore, really refers to Orion, wo 
must suppose that in this passage tho most glorious 
constellation of tho sky is put for constellations in 
general; unless, perchance, Bootes was regarded as a 
second Orion, as suggested on page 52. Tlio context, 
however, would rather lead to tho idea that wo should 
look for a winter coustollation to corrospond to Kamil ; for 
just as “the sweet iiiduoncoH of tho Pleiades ” evidently 
refer to tho revival of nature in tho Hj)ring, so “ the bands 
of Orion ” may bo naturally supposed to j)oinfc to its 
imprisonment by tho cold of winter. If ITimrod bo really 
tho original Orion, there was an iinsuspeclad appropriate- 
ness in tho sycopliantish proposal of tho University of 
liOipsig to give tlic contro stars of tho group the name of 
Uapolcon, tho most modern example of the same mad 
ainhition. 

Brown traces tho name Orion to tho Akkadian Ur-ana, 
“ tho light of Heaven,” a poetical and most natural title 
•for the most boautifiil and brightest of all the stellar 
groups. And it may well have boon that, as Brown 
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fui'fcboi’ thinks, this naiuo was g*ivou bocauso tho «ou- 
stellation was taken as a stellar roduj)lica(;ion of tho (nio 
great light of heami, tho sun ; or tho aatno name having 
been given iiulcpondently to both tho sun anti tho eon- 
stollation, the latter was taken as roproscnthig tho former. 
The stellar giant, therefore, on this view prosoiits to us 
a porsonitication of tho sun, "rojoieing as a giant to run 
Ilia race.” 

But what does he puraito ? His jiroy is found in the 
little constellation beneath his feet, one of no distinction 
or brilliancy, tho Have. 

*' Up from tho oaafc tho Have boforo him flios, 

Cloaa ho pursues hor through tho Houthoi'ii HkioH." 

Now it is certain, as Brown points out, Unit “ Uio annmiil; 
of folklore and zoological myth which all over the world 
connects the moon and tho hare is simply astonishing.” 
Of course it does not noecssarily follow that the Hare 
as a constellation is also a symbol of tho moon, hnl; at 
least tho suggestion has no improhahility. It is possihlo, 
theveforo, tliat in Orion tho mighty hunter trampling 
on the timid lleoting haro, wo ought to reijogiiise a 
primeval emblom of tho rising sun overpowering and 
crushing with its vastly moro powerful light tlio f»‘ohler 
rays of tho moon as sho lloos boforo him towards tlie 
west. Bnt whothev the two Bogs which wo lind attending 
and following Orion have any doopor meaning than tlio 
natural desire to piece out tliis picture of a hunter and his 
chase, by providing him with a leiish of hounds, may well lio 
doubted. 

Tho figure of tho giant huntor is one of the very oasiost 
to make out of all the constollation figures. Sevou 1.) right 
stars stand out Avith special distinctness. That furthest 
to tho north-east of the sovou is obviously oraugo in 
colour, and is Aljjha, Betolgouso, *' tho shouhlor of tho 
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giant.” Tho star in tlio nortli-wostorii corner is Gamma, 
Bollatrix, “the feinalo warrior.” Tliis last title is from 
tho translation in the Alphonsine Tables of the Arabic 
title A1 Najid, “ the conqueror.” The Honth-wostorn 

corner is hold by Beta, Bigcl, tho “foot,” the brightest 
star of tho constellation. The fourth corner, tho south- 
eastern, belongs to Kappa, now Icnqwu as Sai])h, “the 
sword,” tho name having been transferred to this .star 
from lota, to which it really belongs. Tlireo stars inarlc 
tho Bolt of tho giant, as tho four foregoing mark his 
two shoulders and his log.s. These in succossion are 
Delta, Miiitaka, “tho girdle”; Epsilon, A1 Kilam, “the 
string of pearls ” ; and Zota, Al Nitak, “ the bolt.” Tho 

sword is marked by a short row of stars in a straight 

lino below Epsilon. Those are, <li2, Tliota and Iota. 
To the eye, Theta is a misty star ; its diffused 

appearance being due to tho great nebula, tho most 
glorious obj(!t;t in the heaveu.s. Botwo(!U A1[)lia and 
Gamma, but a little to tho north, is a coin|)iu;t little 
triangle of stars, Bambda and Phi 1 and Phi 2, which 
mark Orion’.s head. His club strotchos up across tho 
Milky Way to tho foot of Gemini and the horns of Taurus, 
whilst hi>twe<3n Bellatri.v and Aldobaraii a curving liiii! of 
stars runs nearly duo south, marking the lion’s luaiio, whicjh 
tlu) Hunter is shalcing before^ tho eyes of tho Jhill, as if it was 
tlie Si'.arlct cloak of a toreador. 


LEPUS. 

The little coustollatiou of tho Haro doos not coutaiu 
much of iiitorost for tho iiakod-oyo observer. Its i)riuei]ial 
star, Alpha, somotimos known as Ariioh, “ tho hare,” is very 
near tho point of an equilateral triangle, of which Beta and 
Kappa Orionis form tho base. 
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CANIS MAJOR AND OANIS MINOR. 

A far iiioro majestic triaugle, and more nearly exact 
in its proportions, is that formed by Botolgouso, Sirius 
and Procyon. 

“ Let Procyon join to Botolgouso and pass a lino afar, 

To rcaoli tho point whoro Sirius glows, tlio most con- 
spicuous star; 

Thon will tho oyo dolightod view a llgiiro lino and vast; 

Its span is c(^uUatcral, fcrinngulai' its cast.” 

The coustellatiou of Caiiis Major, though in itself a 
brilliant one, lies so low for English obeervors that 
practically we think of little but its chief star. But 
this is so far and away the brightest in tho sky, being 
more than two full magnitudes briglitor than Aldobarau 
or Altair, average first magnitude stars, and is rendered 



A, SirluB. B, Procyon. 0, Bololgoiiao, I), Hollairlx, 13, Itlgol. 
Eig, 28 , — Sirius, Procyon and Orion. 


so unusually striking by the intensity of its scintillations, 
that it serves alone to amply distinguish tho constellation 
to which It belongs. Its excessive scintillation is duo 




Star Map 2fo, 11 ; The Eegion of Siritis, 
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to two causes j the one that in thoso latitudes it can 
never attain any great elevation; the other, its strilciiig 
bluish- white colour. For stars of that colour scinlillato 
more inarUedly than tlioso of any other, and Sirius being 
the very type and nioclol of the class, its flaslung I'onders it 
as conspicuous as its brightness. 

“ Tho flory SiviuB altora lino, 

And bicUera into vcd mul omorald.*' 

The name Sirius is usually taken as hearing il.s Gr(Hik 
moaning of "sparkling,” "burning,” or "scorching,” an 
appropriate ouough name for tho brightest of tlie siai’s 
and one in conjunction with tho sun at the Ixiginning 
of summer. Other renderings interpret it as "chief,” nr 
“ prince,” or " the bright and shining one ” ; all (upially 
natural and appropriate for this prince of stars, Oni’ 
name for the Lesser Dog, Procyon, is simple enough. It 
is merely " before tho dog”; in other words, Procyon was 
the forerunner of Sirius, not as crossing tho meridian ('arli<5r, 
but ns rising before it juid so heralding its appearance. ■ 

Tho colours of tlie four brightest stars of this region ai’O 
very well worth studying; tho orange of Botelgeuse being 
in strong contrast with tho Btccl-hluo of Eigol n.nd Sirius, 
whilst Procyon, though a white star, yet shows a dlstincl. 
creamy or yellowish tinge, which to a sensitives eye is on a 
fine night very clearly distinguishable from tho colder hue 
of the two brilliants first named. 

Tho constellation of the Lessor Dog in Ptoloiny’s cata- 
logue nuinbera only one star iu addition to Procyon. Tliis 
is Beta, Q-omeisa tho " dim-oyed,” possibly as meaning tliat 
Procyon is so much less brilliant than Sirius. Or it may 
bo that it is a corruption of A1 Qamus, the “pnpjiy.” 
A glance at the sky shows that Procyon and Gomoisa 
•stand at much the same distance apart as Oastor and 
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Pollux, and. tlie Arabian astronomers used to call tlie sj)at. i': 
between the two stars of the Twins “tlic long cubit,” 
whilst that bchveou the tAvo of the Lesser Dog was '* tlie 
short cubit,” — an old instance of tbo tendency, Avliit.-h 
seems so irresistible, to account a space in the heavens »*t; 
some seven to ton degrees of arc in Icngtli as equivalent to 
a terrestrial yard. 

Procyon and its companion form yet luiotber proof 
that the constellation names Avero not given in conse- 
qucuco of forms suggested by the nctual groupings 'of the 
stars, Certainly there is nothing to suggest a do'g in 
the presence of two fairly bright stars sonio live clegrocs 
apart. 

The Greater .Dog is a far fuller constellation. Beta 
precedes Sirius some tAventy-two minutes and is therefore 
called Murzim, the ” Announcer.” Quito Ioav doAvn near 
our horizon is a right-angled triangle of bright stars, 
the right angle being marked by Delta. Epsilon and 
Eta at the Iavo other points of the triangle lie some 
tlireo degrees further south and arc nearly on the same 
parallel Avith each other j Epsilon is Adliara, the “bade.” 
Delta is in the centre of a very in loros ting region, a 
ourions curve of small stars preceding it, Avliilst another 
folloAvs. 

BetAVoen the tAvo Dogs and folloAving Orion, is a large 
constellation Avithout any conspicuous stars Avliich was 
formed by Bartschius, the son-in-hiAV of Kox)ler. This is 
Monocoros, the IJnicorn, and it marks a rogion rich in 
double stars, star clusters, and nobulm, but Avithout any 
attractions to the naked-eye astronomer, unless we except 
the star S Monocerotis, AA'hich is variable Avithin a range of 
half a magnitude, and in a period of about three and a half 
days. 



CHAPTER VIII. 


The South Cikcumpoeak Stahh. 

Thebe is a strange, imCorgottablo sensation in tin; first' 
voyage from onr liigli uortliern latitudes to the Houtiierii 
honiisphere. Niglit after night the old taniiliar stars, 
the constant occupants of our sky at homo, sink lowin’ 
and lower in the north and disappear, whilst now lights 
rise to shine upon us from tho south. Hut hcsido the 
disappearance of old friends and tho coining into sight 
of stranger stars, tho known stars that still roinain to 
us adopt most unfamiliar attitudes, and these lieconie more 
and more perplexing the further south we go. ijordly 
Orion stands on his head in tho cxac-t attitude of a 
little city Arab, turning a cart-wheel ; tho long jn’ocessiou 
of the Zodiac, all in turn suffer tho same inversion ; 
Pegasus alone, a topsy-turvy constellation with us, piu’suDS 
his course across tho sky with head upraised. .lilveii tho 
moon seems altered from tho moon wo knew in Hritain ; 
the mournful face that watched us there is no longer 
recoguiaable as such, since wo see ‘'his spotty globe” 
inverted. 

The now regions of the sky opened to us from southern 
latitudes not only dilfer in detail from those with whiidi 
we ai’e familiar, they possess some general cliaraotoristics 
that cannot fail to strike tho observer. Starting from 
Scorpio, here no longer creeping along the hovixon an 
in England, but riding in the very zenith, wo tiiid tho 
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Milky Way swcopiiii' doAvinvavtU towarda tho soiilh-wost 
ill imissi‘.s of tlio grcatost brilliancy and coiuplicatian. 
Around its course is giitliered tho groatesfc iiggrogatlon 
of brilhiiut stai'.s to ])o found aiiywliero in tlio &liy. Tlio 
Scoipion is followed by tho Wolf and tbo Centanv, and 
those by the slu|> Argo. Ilotweeii Argo ami Contauriia 
comes tho littlo Soutborn Cross, a constolliitiou whicli 
has perhaps boon extravagantly praised, but which yet 
contains within a very small area three stars aliovo tho 
second niagnitiido, and six others ranging hofcwcoii that 
and tho fifth. The Centaur claims ten stars brighter 
than tho third magnitude, tim Wolf three, Argo fifteen, 
Olio of which, Canopus, is inferior only to Sirius. As 
the Millcy Way .sweeps through Argo, it outers Oanis 
Major, which, though not n largo coustollatioii, eoutaiiis 
Sirius and three stars aliovo tho second inagnitudo and 
three more above tho third. This belt of tho sky, 
tliorefore, from Scorpio to Sirius, is liy far tho most 
brilliant in tho entire heavens, both from tho nuinljcrs 
ot hrilliaiit stars clustered within a narrow band and 
from tho briglitncss of tlio Milky Way. But hoyond 
this bolt wo (ind aii altogether different state of tliing.s. 
Itoiiiid tho soiitliorn pole there ivro no star gi’oups 
to rival tho Great Hear, Oiissiopoia, tho Bragon, or 
oven CejiliouH and the Lessor Boar, Avliich surround 
tho iiortlicrn polo. Tho now coinstellatioiia, which wore 
placed round tho southern polo by Dirclcsz Koysor, and 
Lacaille, are for tho most part entirely dcstitnfic of bright 
stars, or of easily romomhorod configurations ; thpso uctuiilly 
round tlio polo being o.specially poor in this respect. 
Octaiis, tho coustollatioii in which tho 8outho;n polo is 
situated, though of coiisidorahlo extent, coiibLins liiit a 
single star as bright as tho fourth inaguitiulc, nearly 
all its luombors being fainter than inagnitudo i>J. The 
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Boutliei’u pole star, Sigma Octantis, is catalogued as o£ 
magnitude o'S. 

The other chief features special to the southoni hoaveus, 
are tlie pi'csence of the two Magellanic Clouds, to 
which there is nothing to correspond in the northern 
shy. Then close to the Southern Cross, wo find the 
Coal Sack, a great hole in the Milky Way, blacker and 
much more defined than any corresponding gap in its 
northern course. There is indeed a coal sack in tho 
constellation of the Swan, hut the portion of tho Gahixy 
surrounding it is far from being so bright and distinct 
as that which hems in this curious island in the groat 
celestial river of light. Lastly, tho southern hoavciiH 
generally seem much richer iu stars just within the 
ordinary range of vision than the northern, tho barren 
circumpolar region being almost surrounded by a bioad 
belt, especially rich in the regions of hlridanus and 
Argo, iu which sixth magnitude stars are to be found in 
unexampled abundance. 

For Cape Town and tho Oionios of Victoria and 
Now Zealand, tho Souths’ ii Cross is a cirenm polar 
constellation, always abo'e tho horizon, and at midnight 
oil March 28th it stir.ds vertically above tho south polo, 
Canopus being thiii on tho same level as the polo 
and west of it whilst Alpha Eridaiii, Achornar, “the 
end of the r.ver,” almost touches tho horizon in the 
south. 

These gre^t leader stars enable tho general trend 
of the southern constellations to be easily mado out. 
When the/ cross is seen erect, the foot of the Cross is 
marked hy Alpha, the head by Gamma, and tho cross- 
heaiii by Delta and Beta, Beta being much tho brighter 
of the two. 1 Moving from .Delta through Beta, wo come 
at no groat ^ distance to the finst magnitude star, Beta 

1 
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Contiuii'i, auil Alpha (J(!iil:iuii'i lies l>nfc a fieri, lior 

on, almosl, on the Hiinio K(.ral},dit lino. Nearly ini<Uvay 
botwoou Canopus and Alpha Crucis lies llehi Ar^hs, 
a star linl, little below tlio first inagnitinU). Not far 
lioiu Beta is the Ihilso Cross, four stars in a trnpe/iiini, 
not quite so l)ri|,dit and a little inor<? widely s).iea(l 
tluin those of the True Cross. Jilpsiloii AroiVi forms 
the foot, Kappa the hetul, and .Delta ami l.da tlm 
cross-beam. 

Argo is scarcely at all an English constellation, the 
gioatoi part of its lingo hulk lying bolow our liori/iUi. 
Iho vossid is drawn in our atlases and described by 
Aratus as travelling stern foremost. Thus in Urown’s 
translation wo road ; — 

“ Stoi-n foi’wiu-cl Arfioby fcho Glroat i:)og's tail 
fa drawn j lor hor'a is not a uauftl ooiu'ho, 

Uiit bftckwiii’il turiKul aho coiuoh, as vosaala do 
AVIiou aailoi'a have truiia]io.sc<l the crooked atorji 
On oiitm-ingliarbonv} all thoaliip vovorso, 

And gliding bnckwiu’d on fclio boaoli it grounds, 
btorn forward tliua ia Jaaoids Argo drawn," 

Tho Creole legend of tlio voyage of the Argonaiity 
under Jason to recover tho Coldon Fleece was holieveil 
hy Sir .Isaac Newton to Imvo an actual liistorieal Imsis, 
and to record tho bogliiiiiug of Gnjok commerce. In 
fact, in Ins view, tho coiistollatious goaerally wore 
designod hy tho Greeks to celebrate tho liorooH and doodH 
of this groat expeclition.^ Tho knowledge. Avlii(!h later 
times have brought ns has oompollod im to rceogntHo 
that tho constollations arc far older tlian .Nuwkoa ilioiight 
thorn, and beyond a doubt Proctor was qni(;<i correct In 
recognising in Argo and the soutlioru conatcIliUions nenr 
it—Ooutaiirus, who is roprosontod as having ^apiiarontly 
just loft tho sliip, and tho Altar at wUcli lie is 
saorificing~a pictorial record of that groiM^ Doliigo of 
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wbicli the Hebrew and the Babylonian atusoniits af^nu^ ho 
strikingly. The Altar lios ontiroly below onr J^higliHli 
lioriscon; the Wolf, tho BOincwhat inappropriate animal 
whom tho Centaur is offering up, hIiowh but two or 
three faint stars ; and Thota Centauri, the star in tho 
Coiitaiir’s bead, is tho only bright menilii.’r of that 
constollatiou visible to us. 

Argo is 80 vast a constollatiou that for ooiivonicmoe of 
reference it has often been sub-divided into four iiiiuor 
groups— Mahis, tho mast ; Vela, tho Hails ; I’uppis, tlm 
stern ; and Carina, tho keel. 

Generally speaking, tho luodorn constellations, and 
partieularly those in the sonthern homispliere, have been 
concoivod in the worst possible taste ; the figures Kelt'ot(‘il 
are utterly inappropriate to their Hurroundiiigs, and 
unsuitablo as a means for identifying tho stars, 'IMun-e is, 
however, ono exception. If wo take Argo as n^preseuting 
hfoah’s Ark, then Koyor was unusually siuaawsfnl when lie 
gave tho nanio of Golumba, Noah’s Dovii, to tho group 
which ho formed immediately south of Lojius. h’or, placiul 

bore — tho group may bo readily found when both 

Canopus iukI Kigel are soon, as tho straiglit line joining' 
the two passes through the constellation — the Dovii ajipears 
to bo pGi'cbiug upon tho stern of Argo, Alpha Oolutuhie, 
tho principal star, is somotiinos known as 1 /haet, " tho 
thigh”; tho thigh, that is, of tho Greater Dog, whoso 

territory has been invaded in order to give the grealor 

room for th< now group. 

Those wb have tho opportunity of iihsorving from 
southctu or equatorial countries, will Ihid tho brightest 
•and most easily recognised of all tho new eonstellations 
duo to Dheksz Koyser, just south of riscis Australis, 
tho constellation of which Fomalhaut is tlio chujf star. 
This is Gruij, tho Crane, and five bright stars distributed 
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at equal distances along a goutlo and ntgiiiiir ciu'vi', 
wliilst a bright second magnitude star [niHitnlos them, 
form its principal cluirtKdoristum. 'I.’Ik* IMutroseopo, 
interpolated by Lacaillo between Sagitlariiis and Vise is 
Australis, and the Sculptor’s Tools, now more generally 
known as the Sculptor, which he added Ixdow Afpiarius, 
and Cetusj Fornax, tho Chemical Vuniaee, whiedi follows 
Sculptor; Autlia, the Air-i)nmp, wedged in l)(dow llydiu 
and above the sails of Argo; Cieluin, tin' Scul|)l.or’s 
Graving-tool, below Lepus, and alongsidct Ooliimlia; and 
Telescopiuin, which follows tlie Altar and lios henoatli (ho 
Southern Crown, are as destitute of features of interest as 
the designs themselves are of appropriatenoss to t.lioir 
celestial surroundings. 

Tho many ohseuro constellations whieli hav(i Ikm'h 
formed in the south circumpolar l•('gio^ mav now he 
identified. 

Between Octana, which surrounds the south polo, and 
tho Southern Cross, we have Chaniieloou and M iisea ; 
close to Beta Argfis is Volan-s, tho I'Uying Fish ; l’i(;l.oi' 
lies by the side of Canopus; tho Greater Magellunio 
Cloud borders on four coiistollations, Mensa for "Tabh' 
Mountain,” Dorado, Rotieuluin and Itydrus ; tin* 
Lesser Cloud lies between Hydrus ami Toiman. :i'’iv(» 
constellations meet round Achornar; Kridanus, a ])rimi. 
tive constellation; Horologium and Plnnuix ; and the 
two just montionod, Hydrus and Toucan. PasHing ever 
to the Southern ^.-oss, the Milky Way betw(Hm that (;on. 
stellatiou and < le Scorpion swoops over the feet of the 
Oeutaur and si. other eonstollations besidi*,— tw(» of them 
primitive. T .e three eonstollations immediately below 
the Scorpion are Luinis, Horma and Ara, of whieh only 
Horma, plaqsd in tho middle of tho Miik'y Way, is 
new. Circiiihs below Norma, and tho Southorii Triangle 
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below Am are both new, as also is Ap\is, which 
bi}twoon them and Octans. Tho Soutluu’u Trlan^’lw Jh !>. 
neat little fij-'iiro on the edge o£ tho Milky Way, its three 
principal stars making a diamond witli A.l])ha {Jentiiui'i. 
Alpha is tho brightest star o£ the Triangle and tlie 
one fiirtlu'st from the Centaur, lying inidwa.y bcdwtum 
Alpha Oimois and Alpha Pavonis. Tho liittor is a Hocond 
inaguitnde star and tho brightest in Pavo, tho l.hMieotdf, 
tho most brilliant ol! the new constollatious, oxc«j)t (Irus 
and Crux, and covering a considorablo portion of tho /.oiu! 
of small stars to wliich allusion has already Inn;u made. 
Indus, Ji fainter constellation, li(;s between Payo and Toinain, 
and coiiipletes the biind of small asteristiis Bnrronndiiig 
Octans. 
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SECTION II. 


ASTRONOMICAL EXRRCISI'S 
WITHOUT A TRLIiSCOlM'. 

CHAPTER I. 

.Tino Sun aniI tick Shahons. 

Ir may booui at first sijfht a usuloss ami Ull»* 
that l,)oginiiers in Astronomy sliould sot tlioiiiHolvos lo tin' 
rotlotonninatioii, on tlio roiigliost soalo anti with Mio 
simplest of iuHtriimonts, of astronomical oouHtants whittli 
woi'O first dotoi'imnod more than iivo milliMiia ago, ami 
■wliicli are now ascortained in our modern olmorvatorios 
to an almost inconct’ivablo dogreo of oxatitimsH. Yttt if 
wo tUinIc for a r-.omont wo shall sot* tliat this is hut 
the method wliich exporionoo 1ms taught us is tho most 
oiTectivo ill loaiting the othor pliysioiil strioiiooH. VVo 
hnow perfectly wdl we can novor make a chemist of a 
i->y giving h in a course of chemical text-hoolcs. We 
set him to repeat for himsulf experiments whieh were 
first made in -t}o very infancy of tho science. We make 
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lihu Jotoriniiio iiyiiii) l.lio ooinbiuiiiff ■wolglitn ol: 

(iloinmits, ilioKii ai’o known fur more) uxtiolly tlnui 

ho Oiiii posHiI'ly work l.lioin, oiil, ; and in so doiii|^, ho not 
only aoqiiiroH skill ns a workor, but tho sulijoois of liis 
study bocomo I'oal to him; ho loams to know thoin in 
a Konso whioh no aiiKninl, of rojidin^ about, thoiii could ovor 
supply. 

It has boon tho eUuwbaok of Astronomy tliiit this 
oourso has so soldoni boon adoptod, and tlio iiiovitablo 
result, has boon soon in that no soioiuu) wluitsoovor has 
pnabmod so hir^ro a proportion of pitradoxors itml (UunkH. 
'.I*horo is no scionco tho ohiof facts of which arc so wiebdy 
dissoiiiinabjd ; thoro is none of which those facts are) so 
little knowui by praotinil jiorsonal obsorvation. 

Much of this unfortunate stato of thini's is eluo siitijdy 
to tho inodorn tomlonoy to live in towns. lloro the 
smoky atmosphoro (hills tho shining' of tlio lioaroiily 
bodies; tho crowdod buildings hiclo the hori/oii «ud 
curtail tho view of tho sky, anil at night tho iirtiiuual 
lights in stroots and housos coinplotoly drown the Cooblor 
glitter of tho stars and draw off attontion from them. 
Wo do not aood moon and stars as our uncostors elid, 
and* thoro foro w'o do not notice thoin. We do net 
nood to ohsorvo tho sun to give ns tho time of tho 
yoar; our almanacs toll ns iliiit. Tliorofore, except in 
obsorvatorios, tbo sun’s placo in the hoaveiis rotniiiiiH 
mniotod. 

But in oarly tiinos this obsorviition ivas of tho very 
tir.st importauoo. I’ho caustollations wore nmppod out- 
Homo hOOO years ii.go, but bofore that was done — how 
long lieforo wo cannot toll — tho length of the year hud 
boon dotorniinod and tho (ii>parent path of tho snu 
amongst tho stars had been laid doivii. Tho exact 
uiotliods and iustruinonts those oarly istronoinors oni- 
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ploy<!(l art' iiol imr, if llirv won*, wmiM lln'it* lin 

aii^V vi'iianu IVir Kliivialily anpyiun' l.liom in n'jn'al ini' (lir 
Work to-diiy. But in all prohaliilily llin llml. iiiitmuMiiiiral 
iimlrnnionl. waa oiin nt‘ Nal nrn’H n\vn provitliii);, I In' niihn al 
horizon. And wliorovor a fairly ifood niio in iivailnldt’, I ho 
li('|j;inin'r in aHtrononiy in Hlnmj'ly nuaniinHaidoil lo inakf n-i' 
of it. 

If IIiIk worn ko tiion no douht llio.so |irinii'Viil itlxiiTviTH 
Inul Bioir atttniUon drawn lo tlio fart tlial' an ai'on IVom 
Konio f'ivon aliilion tlio nun rono ii.ud a<d. Iiohind •liiV<-i<'nl 
)i(ndi(>iiH (tf tin* hoii'/.on at dinVrt'id. tinira of Mn* yi-ar. 
In an <t|)on oonntry froo from iniHiH and ip'oiind lojoi, 
tliiH oliKorvation wonhl lui tiim of j'n'ator doliiaoy Ilian 
niii'ht ha oxjntiil(Ml — ^a dolicaiy Urn I'milor arroi'dini; lo 
tlio dialamio of tho horizon and lo tin* nnmltor and 

dihdiiiotnoHH of tho ohjcols wliirh coiihl ho 

upon it. Thoy would aorvo tho purpnao -ko to np>'ak - 

of tlio diviHiona of a ('ii'antio azimulh oirolo, and a h-w 
yoara’ oiirofnl and aodnlouH riMaird of tho oxavt poailion .tf 
tlio Bun at riainj' and Hottiii}' would I'ivr an oxri'o'liindy 
(ilofio dot.onnlnation of tho trno hnij'l h of I ho IropiiMl 
your. 

Thoy would do inoro than tluH. 'I’lioy would {jfivi** fho 
nioiiUB of dotorininiii^ tho aontli point of iJto horizon in 
othor wordH, of tho niorKlia.u lino. A lino drawn at i i|'h|. 
angloa to tho lino joining tho point of riaing and noiling, 
Would 1)0 row/hh/ hut nol prcoiKoly tho nioridian lino. Bnt 
tho moan of all tho p.ointa thna indiiratod uh duo aonih 
would, unloKS till) In^'izon worn niiioh luoro oliBtrnolod on 
Olio aido than tho ol'ior, appro.ximato vory ohmoly indood io 
tho truo Hontli poiiv . 

Tho conditioiiH or dilforont ol>HorviM‘H will vary mm widoly 
that it would b( uhoIohh to givo dotaihal diroolioiiH aa lii 
making tluH obau ’vation, and it would ho uhoIohk for tundhor 
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miHoii. It. is niosf, uiiDorl.anlt I.lioso who liiUo up Uio 
jnu'rtiiili «)£ naUial-oyo A Hli’DUoiiiy hIiouIiI luiilco tluilr 
ViiiinuH iiHlopoiKli'iidy, un<I too iWliiikMl inwtrui'ticm In'l'nin;- 
liiitid would dofoiit tlu) vory olijoot Coi’ wliick l;li()s(j tdwi.'i*- 
viitioiis wore miido. 

It. Avould soon Im loll. that. I.lio iial.iinil liori/uii was a 
rou^fh and iiKtonvtiuit'iit, iuHLruinoiil. to work wllli. TIio 
objiHils ranj^'i'd aloii^- it wliicli sorvr' as division niai’k.s ai’o 
apt to lio iriTfJCnlar, thu liori/ou il.soll! to ikwialo v«iry non. 
sidonildy from an idoal piano. .So porliapH tiui imxt stojt 
in tho olworvation of tho sun would lio tlio oroclion of Konio 

nn*au3 of idworvinp’ tlm Hlnidow it (jasts in otln'r w<irds n. 

simple sun-dial. 

It is prolialdo (liat oarliirst sun-dial was sinqily tho 
spear of sonio nomad oliiof, stiiolc uiulf'ht in tho prouud 
lad'oro his tout. Anioiipst those d«'K»'vt wand(‘r<U'H, kc{*n 
to ohsorvo tlnsir surroiUKliujj^H, it would not ho ti iliirnmlt. 
thinp; to notice that the shadow Hliorhmed us tho sun 
rose hi',dn'i' in tlio sky, and that the sliorteHt shiidow 

always pointed in the saino dinadion — north. 'J’he n*i’.ojf- 
nition would have followed very soon tlint Lliis noon- 
day shadow <!haup;(!d in its kiipili from day to tlay. 
A six-foot spear would give a shadow at noonday in 
lalitudo 40'* of l‘d htet at one tlnm o'f the year, of li'ss 

than 2 fe(5t at anotlior. This iiislrnmoiit, so siniplo, so 
easily earrhal, so easily set up, ma.y well hiivis h(>gun 
the S(!ientirn! study of Astn)iioniy, for it lent itself to 

lueasuremoiit, and. seioiice is measureinoiit ; and prohaldy 
we see it expr<.>ssi>d in portnanenl form in the oliolisks 

of Egyptian solar tuniples, though these no doiiht were 
retained merely as solar einhlems ages after their us)^ 
as actual instruments of oh.siu’vatinu Inul ceastul. An 
upright stkk, earofully phimlmd, Hhindtiig on some 
level Burfaeo, may tlioroforo well mark the lli’st advance 
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Upon the natural horizon. A knob at th (3 top of the 
stick will be found to render the shadow nioro easily 
observed. 

The curefnl study of this instrument will eniiblo the 
meridian line to be marked with some considoralde exact- 
ness. This should be done by taking an observation at 
some time in the morning, some hours before noon, drawing 
a circle with the base of the stick as centre, and the 
length of the shadow as radius, and thou in tho afternoon 
Avatching till the tip of the shadow again lengthens itself 
to exactly reach the circle. We shall find tho Jiorth [loiiit 
lie midway between the hvo positions of tho shadoAV. Hero 
again Avo must trust not one obserA^ation but many, and tho 
mean Avill give ua a very close approximation to tho true 
meridian. 

The date of the summer or of the winter solstice Avould 
not be very readily ascertained from such an instrument 

the very Avord solstice intimating that the change in tho 
sun s position at that season is scarcely percoptiblo, Hut 
the time of the equinoxes can be fixed with snllicient exact- 
ness, since the length of the noonday shadoAV of ii six-foot 
rod will vary in our latitude more than an inch a day at that 
time of the year. 

A far exacter instrument for the observation of tho 
sun can be made Avith the very slightest trouble ; a light 
tube, 5 feet 4 inches long, made either of tin or of 
pasteboard, and covered at ono end Avith a cardboard 
disc, with a pinhole one-sixteenth of an iucli in diameter, 
carefully perforated iiKits centre, and at the otlior Avith 
a cap of oiled paper, vill enable tho sun to bo observed 
with great ease. If this tube is directed to the sun an 
image of the sun Avil be formed by tho pinhole on the 
oiled paper some six-’ tenths of an inch in diameter, and 
if a cardboard disc i ome ten or tAvelve inches in diameter 
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is fixed to the tube-— tlio tube passing tbrougli the centre of 
it — so as to seroeu tlio observer from the rays of tho sun, ho 
u'ill lind tho sun’s image ou tho oiled paper quite bright 
enough to observe, and much better defined than tho shadow 
given liim by tlio rod. 

The next step would be to fit the tube with a 
graduated oirclo. Tho material of whieli tliu circle 

should be made and tho manner in which it Hliould ho 
graduated may bo left to tho iiigouiiity of the student. 
Protractor.s of horn, molat, glass, or card can be very 
easily purcliased and may well servo tho purpose. The 
reading of tho circle may ho accoinplisliod in one or two 
ways ; tlio circlo inay ho fixed firmly to the telesitopo 
so as to turn Avith it, and the altitude of the tube 

may then he read by a jdumb-lino dropped from 
tho contro of tho circlo across its circumferoiiee ; or tliti 
circlo may itself bo fixed in one position with respect to 
tho vortical, and the tube may bo turned round upon 
tho same centre as that of tho circlo. In this case the 
tube should bo suppliod Avith pointers to rend on tlio 
circle. 

The tube being provided Avith a A'crtical circle and con- 
structed so as to turn in a vortical piano, should also have 
its stand so arranged that it may turn in ii horizi>iil;al 
plane also, and it should bo fitted with a second circle, the 

Centro of which is tho pivot on Avhich it turns. This 

circlo must bo fixed in tho liori'/ontal iilano, and 
oiir instruiiiont Avill thou bo a rough model of lui 
altazimuth. 

Its first use Avill be to dotormiue tho meridian — by 
taking ail observation iu the morning, reading both 
circles — then iu the afternoon, waiting until the sun 
had descended to tlio samo altitude a second time, and 
then reading tho azimuth circlo again. To set the 


132 ASTRONOMICAL ICXRRCISICS WITIIOU'I' A 'I'KTJCSfOI'l':. 


tolcscppo to tlio aximutli midway iKitwooii I-Iksho I, we 
aziiuutlis would be to sot it rou^bly in the me 1^111111, 
Hero again tho observations sliould lie vtjpc'aba'l iiuiiiy 
times, and tho moan should bo iaUon us the true smith 
point. 

Tho south point 01100 found, tlie ohservation (d! the 
varying altitude o£ the sun at noon from day to day 
throughout tho year would ho a simple and easy inafler. 
At uiidsuunncr and midwinter Iho meridian altitude of 
tho sun will not vary pereoptlhly for a fortnight or 
luoro, HO that we shall obtain a number of ohserviitioiis 
for tlio greatest and least height of tlio sun. Ilalf the 
dill’oi’onco between those two must plainly be the 

obliquity of tho ecliptic ; and tho altitude whiidi is the 
mean of those two oxtrome altitudes must be the 
altitudo of tho equator, that is to say of the sun wlum it 
is at tho equinox. The date of the equinox will lie 

detonuiiied to tho nearest day without any dilUculty, 
for if wo set our tube in the meridian, and pointing to 
tho equator — in other words at an altitude eiiual to the 
co-lalitudo of our station — a single day’s viu'iaf.iim in 

tho height of tho sun at the time of the e((iiiuox will 

make a eluingo in tho position of tho siiii in tho liebi of 
our pinbolo tube of about four-tenths of an iuch -'an 
amount which tho very roughest of obaervors could not 
overlook. 

Such an iustruiuent, simple as it is, would therefore 
enable the ohservor to determine the date of tlie equinox 
to tho nearest day, and consequently tho length of the 
tropical year, and also tho obliquity of the eeliptie and 
tho co-latituclo of tho pliico of ohservation, The exact- 
ness with which these could bo dotorininod would depend 
upon tho skill and patience of tlio ohservor, who eovihl, 
ore long, if ho were aufliciontly exact, liegin to doleet 
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I’liUHi'H ol’ iri'cf'iiliirll.y in li'm r(‘Hul(,s, soiiu) duo fco dotects 
iti liirt iiiKl.nuMoiit. and s»nni) duo t() cuuhoh apiivt from 
timl' mumn'iil, niotiou »>f hiiu wliiuli it was his first 
olijfid. Ill dcfonniiH', TIu' doti’cil.ioii of Uioso, ami tho 
disi'ovory of Ilnur ciiiiso, will i^ivo a keen dolifjht to 
ttnyoiio with ji truo olisurvor’s spirit, ospuoially whou ho 
lliids t hat a propor allowamU) for tiuuii hrinj^^s his observations 
into t'vor (loHoi* and elosi'v aooord. 



k'rn. ai..—l*inholo AllaKiimiMi for ObHorvnbion of tho Sun, 

A, riiiholfl lulmi II, null for iiluluilfli <’, mp wltli Borfloli for liunyo i [», nllltudo 
oiroloi J5. pliiiiili lino I r, nzliimtU olvoloi fl, «, Wutova lor roiullUK 
luliimlli alrolo, 1 

\ 1 '^ 
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MoitNINO AND Evii}NlN(} StAU.S. 

It is oiiG of tho uecossary poniiltios of tlio motion) ((‘iitloixiy 
towai'flH city life that wo aro tlisHooiated move aixl uko’o 
from that- dose iiitorcourso with mituro wliie.h was ojH}n 
to oiu* Corofathors. llow fow of \ih over (javo to wuldi 
that great npcctaelo whidi was to thorn ho full of woixlor 
and of awo, tho, silont, couHolosH proeosHion of the wlarry 
hojbvona! It was not merely tho wight of tho thousand 
llaRhing goins of tho midnight dey that imi>resKed tlnmi, 
or their difforonees ol: (!olonr and liiHtro, or tho Wfdi’d 
iniMinor in which they were distriVnited ; tliero was Hrnno* 
thing moro striking than all thiN, and that was tlnnr 
coaseloss inovomont. There was tho woiidor; that motion 
was so stately, so regular, so unceasing. “ VVithonl. res I , 
without hasto ” they moved ; no star over left its apjiohilnd 
ploco in tho celestial host, nor over strayed fro»n its 
appointed path. It was a nightly miracle, a miraele lioth 
of order and power. Tho thoughts to which it gave rise 
lay at tho root of many an ancient mytli, and Inspired 
many a poetic outburst, diiof amongst whidi stands the 
grand 19th Psnlm; Nor, though tho soorot of that regular 
motion is unclorslood to-day, is tho sight of tho movonieiit 
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of tlie vast cosmical machine loss impressive oven now to 
any mind tliat can rise to some slight realisation of its 
true moaning. 

But the observers of those early ages had other thoughts 
besides those of aAVO and wonder as they contemplated the 
nightly march of the licavenly host ; there camo a 
time wlien they had familiarised tlioinselvcs witli the 
different stellar groupings, and they saw that different 
constollations ruled tlio niglit watches at ditfereut seasons 
of the year. 

After a long night watch in wliicli the stately marcli of 
the hoavonly host has boon followed hour after liour, Boino 
stars moving round the polo in narrow circles, others 
passing out of view in the Avost, whilst now ones from the 
iindor-world are over mounting upward in the east, there 
comes a time when a change begins to 1 x 3 pore( 3 ptil)le in 
tho latter quarter, liittle by little the eastern shy begins 
to brighten and th(3 stars to pale, and uoav perchaiien it 
may bo that a .star more magnificont than an\f that has 
.shone tho long night through, comes upward, queen of 
tho night, as tho night is coming to an (>nd. As it rises 
higher, so tho glow in the oast becomes brighter, and th (3 
fainter stars dio out, until at length all have (lisappear( 3 d 
in tho inoroasiiig daylight and tho sun itself arises, tho 
bright liorald which pu3i3odod it being th (3 only one of all 
tho starry company that remains visible till tho sun’s 
app(3arauco. 

Tho planet Venus is the only object that in this (jom- 
plotost manner can act as tho fororimnor of tho sun, and 
it rightly, at such seasons, has a, special claim to tho title 
of tho “ Morning Star.” But it is only uoav and thou that 
Venus is so placed as thus to act as tho solar herald. At 
other times tho viUe, has to bo lillod by stars of a meaner 
raulc. But it is well worth noting what stars are the last 
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work. Tho best stars are tboso which are not situated at 
any very groat distance from tho equator, oithor north 
or south, but which lie between tho tropics of Oancer and 
Capricorn. Kigol, Sirius, Procyoii, Arcturus, Ali>ha Ser- 
pentis, Alpha Ophiuchi aro fairly well placed Cor observa- 
tion in England, both at rising and setting, but as a 
general rule wo may take it that tho time of tho spring 
equinox is tlio best for observing heliacal sottings, and 
that of tho autumnal for observing heliacal risings. The 
reason of tliis will bo soon at once from the accompanying 
diagrams, which represent the effect of the sun’s motion 
in declination at both rising and setting, at tho spring 
equinox ; at the autumnal equinox the conditions aro, of 
course, exactly reversed. 



Bio, 25. — PoBitions of tho Sun bolow tho ISaat horh.on, iioftn' tlio 
Spring Equinox, nt tlio rising of A IMsoiuin, 

If the sun moved always in tho equator, then a star, 
which i*OBO on one day at precisely tho same time as tho 
sun, would rise about 4s minutes earlier than tho sun on 
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the next, and so on day by clay. But jvt tlio time of tlio 
spring oqninox, the sun is moving northwards at tlio rate 
of about 24< miiiutoa of declination every day. Oonao- 
qnontly the sun rises about two minutes earlier every day, 
and the stars which rise at dawn only gain thereforo upon 
the sun 4 m. — 2 in. ; that is to say, two minutes. If the 


Ero. 20. — Positions of tho San bolow tho West Ijorlzon, nonr 
tlio Spring Equinox, at tho sotting of i PiBciuni. 

star is north of tho equator, the sun is also coming noaror 
to it day by day, and honce that region of tho sky boooinoa 
brighter and brighter at dawn. The result is that there 
may readily be a good deal of uncertainty about tho 
determination of the clay of tho heliacal rising of such a 
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tiiid HI tlint infirvollous climniijo tlio stnr may often be scoii 
HOW to rise sheer from tlie waters of the Eed Sea. Under 
such circumstances the return of tlie year could bo fixed 
■with all desired exactness by the rising of Sirius, oven 
when it was on the vernal coliire. 

There is a great interest for tlioso Avho care to try to 
enter into the thoughts and conditions of tho past in 
repeating for oneself the very observations which wore so 
all-imjjortant thousands of years ago. And there is a real 
value in repeating them to-day. If three or four obsorvors 
weio independently to observe the heliacal risings and 
settings of some two dozen zodiacal stars for three or four 
years, we should gain a great deal of needed information 
as to the actual amount of precision of which tlio method 
is capable, and some needed light would ho thrown upon 
its practical efficiency. But more tlian this, the work would 
prove very elfective in teaching tho observer to pick up 
quickly inmuto points of light in a bright sky, This 
training would ho found afterwards of great value in more 
ambitious fields of astronomy. Tlio variable star oliserver 
would find it of use in enabling him to discount tho effect 
of bright moonlight on Ins observations j the double star 
observer would find lii^ eye quickened to dotect a faint 
companion in tlie glare which a bright star gives in the 
field of a great refractor. 

But more than this, the work affords a chance — a rare 
one it must ho admitted, but a chance not to ho despised 
—of making a discovery of a most intorosting kind. 
Occasionally comets passing through our system so approach 
U8 as not to be seen until they are close to the sun, 
and these are usually comets of exceptional interest, botli 
from tlie character of their orbits and from their physical 
behaviour. . Such objects the persistent observer of heliacal 
risings and Bettings is— from the nature of his ivork, 
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niui from tlio special acuteness in dotecUng ol)jocta iu 
the twiliglit sky whioli it will have given lio liini — the 
most lilcoly to bo the first to discover. Tho gi’cat comet 
of the autumn of 1882, for instance, was first .soon at 
sundown, the groat southern comet of 1901. was detected 
just hofoi’G sunrise ; in both cases only a vory short time 
boforo tho comet passed into conjunction with tho stin, 
and Avas temporarily lost to view. In hoth oases a regular 
“ Itoliacal *' observer would have stood a good clianco of 
being two or three days ahead of anyono els<» in tho dis- 
covery, to the gain of his oav 31 reputation and of ustro- 
nomical science. 

Tho throe stars mentioned earlier, Sirina, I’rocyon and 
Rigel, may be observed to rise during the latter half, of 
August; their settings fall in April and May. They are 
thus emphatically winter stars, Hi gel coniing to opposition 
on Docombor 11th, Sirius on llecember 31st, and Pi'oeyon 
on January 12th. In tho case of those stars, tliu oppositio]! 
falls nearly muhvay between tho date of rising and that of 
sotting. Not so with stars mmr the equinoctial culures. 
Tims Spica rises at tho end, of Octoljor, comoa to opposition 
on April 12t]i, and sots iu tlie middle of Aiigusl. lliiinal, 
on tho otiior hand, rises near tho end of May, conies to 
opposition on Octohor 2(5th, and sots in tho middle tvC April. 
O’ho Pleiades, too, Avhich Hesiod reports as being invisible 
for forty days, are now invisible hero in I'lngland for 
over sixty, from the oiid of April to the beginning of July, 
but tho date of conjunction docs not fall iu tho middle of 
this period but on May lOtli. 

A very interesting side question would probably arise 
in, tho course of tho systematic observation of boliaetil 
pliGuomona, and that is tho inniienco of colour on tho 
visibility of stars of a given brightnosa in a bright sky. 
Orion and tho neighbourhood are particulaidy rich in stars 
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suitable for such a comparison. Tlio ox’aiige tint of 
Betelgeux, the golden colour of Aldebaran, the slight 
suspicion of green about Bellatrix, the steel-bluo of 
Alnath and of the giant Sirius, the whito of Frocyon, and 
the contrast which is so obvious between the tints of 
Castor and Pollux, afford ample materials for a very 
delicate and interesting research, and one which it still 
remains to make. 


Stars fob Hf.ltaoal Ohseuvation. 


At SETTisa. 


At KisiNd. 


PobTxiiii'v — e Pogaei, J-hiif, 

Maroii— a Pegaei, 3favl.‘«b, 
y Pegftsl, 
a Pisaiuux, W'da. 

April — a Ariotia, Ifnnutl. 
fi Orioiiis, JUgel. 
x] 'i'niiri, AlDya))«. 

Maj’ — tt Cniils Maforis, Sirius, 
a Taiiri, /Udetiaraii. 
d Cniiis Minoi'ln, Procyoii. 


August—/} Orionis, Jiiijol. 

a Caiiis Mluoris, ProcyoH. 
a Cauls Mnjoris, .S'iriua. 
a Oauorl. 

Soptombor—n Loonia, 
f} .Loouia, 

October— a llootis. AroiariiH. 
a VIrgItlls, Spmi. 

No7ombor~a Sorpoutls, J/imk. 

a Opliiuciii, Jins ol /7<iyi(it, 









CHAPTER III. 

Tub Ma.bch op tub Pr^vN^KTH. 

Tub nightly procosHiou of the Btars aoroHs tlio why wan tiol. 
the only colostial niovoinout wliioh iinprcsHod ilio olwc^rvor.H 
of old. Tho ooining and going of tho pliundH hold an 
ovoii stronger ivttrac/tion for thoin, tind l.ho inyHlcry of 
their wanderings, whi<;h seotncd at lir.st Kight to ho ho 
lawloH.s, was tho suhjiict of nmoh deoj* Hpcamliitioii. Hut 
tluH field of work has hoon ho ecjiiiplolely oc<5ii[mid in 
luodorn tiinoH l>y the trauHit circle and allied inHta*uinentH 
that it is now hojiehwH for tlie “ AHtronoiner without a 
Toloscope ” to dream of ohtaining roHulta of any rinil valvus 
Tho only thing that ho can do in to imitate IiIh fore- 
runiior.'} and to fainiliariso himsolf with the u)n>ai*eut 
motions of tho planets as they proBOiit theinselvos to tho 
naked eye. 

In this work ho will find that tho five planetH within the 
reach of his unaided sight divide tlionisolveK into tlu'iio 
groups. Tho first group includos Mercury and Venus, 
which moving in orbits interior to that of tho uai'th, can 
uovor come into opposition to tho aim, but oscillato hiiek- 
warda and forwards on either side of him. Both <if 



ASTRONOMICAT. EXERCISKH WITHOUT A 'TULESOOIMO. 


tlioiii arc therefore most caHily obscrvotl wlicii tlicy are at. 
their elongations. Of the two, Morenry, being imn'-h tlio 
loss bright, since lie is snuillor, iind has a loss vellif tive 
surface than Venus, is by far the jiioro tlillitsult oI)je(!l., a 
diniciilty incroascil by the fact that his elongation cannot 
unclor tlie most favourable conditions amount to 28'*, whilst 
lilio greatest elongation for Voiius is nearly h’or 

reasons corro3])onding to thost) which wore considenM'l in 
the preceding chapter as regulating Iho nu»st favounibhi 
conditions for observing holiiuMil risings and stitlings of 
stars, the most favourabhj position for M<3i*eury l.o Ixi scttii 
as an evening star is when bis eastern elongation oceiirs 
near the spring equinox ; liis most favoumbhi posit.ion for 
observation as a morning star is wlioii bis western elongation 
occurs near the autumnal equinox. 

Coinparatively few dwellers in I'lngland have H( 3 (!n Menuiry 
with the naked eye, uiiloss they have persistently seurijlu'd 
for him, and hence the idea has arisen that there was 
soin<3thing very remarkable about the knowledge wliicdi tlu! 
ancionts had of this idaiiet. Hut as CSdonel Marie wick 
remarked in a paper in KnowIcKdok (July, IBUf), ]i. ir;2)— 
“To unyono who has soon that planet in the latitude 
of Greece, it would scorn a most romarlcable thing if the 
planet had not hcon seen and noted as such.” Tliis 
proceeds partly from the climatoB of Oliahloii, blgypt and 
Greece being far better than that which wo jiossess lujre 
in f^iiigland. Hut in addition to this tlio gn.'ater iiearn< 3 HH 
to tJio equator of theso countries involves tliat the iluily 
path of the suii and planets is more nearly perpoiidi<;ular 
to the liorizon, and the twilight much shorter than with 
us, giving an immense advantage over us for observing 
this planet. The accompanying little diagram, repntduced, 
by Colonel Markwiok’s permission, from the pap(jr just 
cited, shows the positions of the equator and <jf the 
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ineaiitimo. Tlio interval from wost (3longaiicni to t!a.s(. 
elongation, Mercury passing behind tho sun, is a 
ov(3r ton weeks, tho moan periods being <1-1-5^ days and 
72^ clays respeci.ivoly. The mean interval tho re fore fvoin 
ono elongation, to the same tdongation again is IKi days. 
Since tliorefore Mereui'^ goes through tho oomjdote oytdo 
of hia positions with regard to tho sun in a litth} under 
four months, tliero must be at least ono favourabhj con- 
figuration in every year. In goueval there will bo two or 
ihreo. T’ho attentive watcher thoroforo should have no 
diOiculty iu catching sight of tho olusivo little planet at 
ono elongation at least in each, yo‘ar. 

The motions. of Venus are silinilar iu charaotor to those 
of Mercury, but are povfornied more slowly, and the arc 
through which she swings is a wider one. The mean 
period from oast elongation as an evening star to west 
elongation as a inorning star is 148 days, whilst it is 
'HI days from west elongation round to oast; the entire 
synodic porlocl therefore being 584 days. There is of conrso 
no difliculty at all in recognizing Venus when she is near 
her elongations, for she is then tho most hrilliant slar 
in tho sky, but some interest attaches to her changes of 
brightness. These changes depend upon two eirenm- 
stauces : tho ono, tho distance which hIk; is from tho eii.rtli, 
and consequently tho apparent size of her disc ; tlio other, 
upon tho amount of that disc which is lighted up liy llie 
sun, in other words upon her phase angle. The disc is 
greatest when Venus is hotwocn the earth and the sun, l.mfc 
at such a time the face she turns to ns is necessarily in 
darkness. On tho other hand, when she is in superior 
conjunction, that is to say on tho further side of tho hum, 
her disc is entirely illuminated, hut it is then at its 
smallest size. In Iioth cases she is invisible since she is 
in full sunlight. 
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At elongation lier disc is much larger tliau at superior 
conj\inctioii, so iniidli larger indeed tliat though it then 
appears like a “ lialf-mcon,” it gives xm three times tho 
light which it would do could wo observe it when it was 
full. But as she pas.ses from east tdongatioii ttiwards 
inferior conjunction, the inci’caso in ajipannit com- 
pensates, and more than compensates, for the decrease in 
phase, until half-way botw4M5n the two jxisil.ions her light 
is four times that at superior conjunction. I’rom tliis point 
the effect of phase is greater than that of increase of size. 
Tho time of greatest brilliancy thoveforo is some Hb days 
before inferior conjunctionjfcd again 8(5 days after. T'hen 
a period of 512 days will '^e'nsuo before Vtuins returns a 
second time to lior greatest brilliancy as an evening star. 
And as live times hSl* days — tho synodic pf'.viod of Venus — 
is almost exactly eight toiTCstrial years, it follows that at 
intervals of eight years tho tiimjs of gnsitest brilliancy recur 
on almost tho same dates. 

At lier gr(«ito3t briglitnoss, Venns is so i)rillia.nt that 
there is no real difliculty in seeing lun’ witJi tins naked eye 
in full sunshine, or indeed at high noon. Tlie hindrance is 
not the want of 1)vightju;sH 4)E the planet, biit tlie dilliculty 
in picking up so ininuto a point of liglit as she appears to 
be, unless some means is provided for guiding the eye to 
the precise spot. When so found the first inpn'OMsitm is — 
“ How could I possibly have ovorlook{!d so bright an 
object?” Tho next impression, if the eye be turned from 
the planet but for a inoimnit, is — “ What a hoptiloss task it 
is to try and find it again 1 ” 

Tho statement has soiuetimcH been made tluit tho phaso 
of Venus may be stam under exceptional conditions with 
the naked eye. Frankly I think tliis observation lies out- 
side tho limit of possiVnlity j for Veims at lier greatest 
brillianco is only about 40 soconda of arc in diameter. How 
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40 aeeoncls is practically the limit for distinct doftnod viHioii, 
and it is very iniprobablo that the precise shape of V<mns 
could be detected under such circumstances. It would, 
however, he interesting to hnow if any one could detecd that, 
the planet was not round. It is just possible tliai- an im- 
pression of elongation might bo givcm, tliougli this would 
show excei)tionally keen sight. 

The second group of the planets includes Saturn ami 
Jupiter, which both move in orbits far outside tliai. ol 
the earth. Prom tho point of view of tho^naked-ey<! 
astronomer, neither is of very groat interest. Tluur mov(% 
nionts do not greatly differ from those of the stars, a.mongst. 
which they move but slowly. . Like tho stars the}" will 
have their holuLcal risings, being scon as morning stars 
in the oast just before suuriso. Rising earlier and earlier 
the time conies when they are visible for tho entire niglil.. 
But before they are in opposititm to the sun, that is to 
say, are on the meridian at midnight, there is a striking 
change in their apparent motion amongst the stars. For 
tho greater part of the year, Saturn is moving eastwards 
amongst the stars at an average rate of a degree in a)>ont 
eight days. Jupiter traverses the same distamje in ahoul. 
half that time ; hnt gradually as tho t.imo of opposition 
draws on, tho speed of hotli planets diminisluis, until 
Saturn comes to a stop about 70 days hoforo opposition, 
and Jupiter about 60. Then for 14.1 days Saturn moves 
westward, and Jupiter for 122, both planets becoming 
stationary again at tho end of the period, and tlum resuming 
once more their eastwai'd march. This period of weshirly 
movGinont or retrogression marks tho time when the 
planet is nearest to the earth and therefore brightest, 
and it is at the middle of this period that tho planet 
is in opposition, that is to say, is on tho meridian at 
midnight. 
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anotlior, and that, further, as the satellite would have re- 
appeared oil the opposite side of Jupiter Cfoin that on wliiidi 
it disappeared, the liimtor would have scarcely doHcriliod the 
incident us ho did. 

An opera-glass of course easily shows the Kiil('llitt's of 
Jupiter, and one o])tically perfect should suiruio t<t olongahi 
Saturn when the ring is fully open or to show the phase ol 
Venus at greatest hrilliaiicy. 

The movements of Mars are suflieiently dilTeroiit from 
those of the other four planets for him to Im citnsidered by 
hinisolC; the chief features in his case being tlu' hmgth of 
time in which he roinaius out of sight ou tho far siih' <>f thi^ 



3?ia, 28.— Tlio Ensb IIovi/.oii at 2 u.ni. on tlio moniiitg of IHHl, 
iTuuo 22, 

sun, and the vary great difOoroiico botwoon his aitpanmt 
size when nearest to the earth and when farthost from it. 
Tho synodic periods of Mercury and Venus Btated above 
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missing TOjambov, Jincl this con] unction wds miido tho moiG 
imprcssivo by the presence in blie midst of the group ot the 
waning moon. This beautiful spectacle was witnessed in 
the early morning of June 22, 1881. 




OIIAPTER 17. 

Sunspots and Moonspots, 

Tjikud avo only two ol! tlaj hoavonly bodies which priisent 
a disc to our ordinary sij^ht, and the surfacos o£ wliieli 
tlierofore wo can study Avithout a toloscopo. 'riicso am the 
sun auil inooii. It is, of (!Ours(i, absolutely inij>OHsil)lo that 
observations thus made can in any Avay compoto Avitli those 
inado oven with a luuu’Utelescopo; but from the point of vi(nv 
of astronomi(;al drill, as distiiif^uished from actual roBoareh, 
lluu’e is somothinii^ to said for systeinatio Avork 

upon both of thorn. Jupiter as seen with a imi'^nifyinij 
power of 50, Mars at a mean opposition with one of 100, 
Saturn with a similar imif^nification, present about the 
same apparent disc; as the suu and moon do to tho naked 
eye. There is therefore a real interest in Hooing how 
inneh detail tho eye can actually detect upon thoHO two 
bodies. Tho limit of magnilicatioAi possible for tho 
eJIicient study of tho surfaces of tho planets is soon 
reached, and when an astronomical artist has done his 
very host with Jupiter, Mars, Saturn, or Venus, it Avould 
1)0 an invaluable check upon bis Avork if ho would driw 
tho sun or moon Avith a little instrument, and such Binall 
maguificatiou as would give to its disc tho same appavout 
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iti'i' 111) iiii'l ‘iH !• thiV'i rt'ii| ii’t’l I vt'l V I Ilf liiijiili^r iniil 

nil' •»! nn't I <1 iliivn loiij'i'r tlinik dm l•^|.il■t' vi'iii’, Itiil. 
lilt' iiyuu'lii" |''*J i'*'l “I Murii ix .'lO iliivH moro llmii I wu yi’inn. 
hmiinj lilt* I'li'iili'r jiiiil mI' lliis timo In* in ninviiin; I'lixl.wiinl 
.'iMiimi'ttl llii’ xtiii'.i ill a |iiiri' Ilf Hilly ii. litllo li';ut lliiiii n (Ifj'ri'i' 
a tiny. .\*i III' iH'|iii'af|ii>!i iijijinHil iini liiii |i:in' Kljirliiinsi ilowii 
uiilii, liKit >lii|'ili'r iuhI Siiturii, liu Iii‘('iiii|i>i 4 iitiiliiiniti'y iunl 
till'll rt'i't’ili':) Itir a tiiui* wi'xl.wiiril, 'I'liix |ii*riiMl of roi'i'Mitioii 
Itt'l'iiiH iilnint »i\ Wfi’Ka lii'ftiri' o|>jMmilioii iiinl Isixlfi uImiuI. nix 
wooltH afti'i*. 

'I’lu* I'liii'l iutiTi’nt III Main, an a miliji'rl of olitii'rviilioii 
wil liiiiil. I III' lfl>’;ii’t*|it', in tliu o|i|Mivl.Miiily wliioli lio j,;ivi'!i, 
t'lipi’i’ially will'll III' ill ill flio nutii' illrtlnnt parhi of liin orliil, 
ami (lioioli)|ii I’t’lat ivi'ly I'niiilor, lo roinjiai'i' Itiiii ii:t lo Ilia 
lirii'liliioaM with llit< ataiii iii'iii' t<i wliioli lio jiiixiii'ti. ’I'liia in a 
work wliii'li in-filsi iloiii)', hihI wliioli nuyoiii' nmlil iiiiilorlalio, 
yi'l it liuti liiTii iiliiiotti onliroly iii'j{li'i!|i'«l, 

'riui'i* ollii'i' |i|iiliola nil' jiihI willliti llio lilililii of vifiiliilil y 
iimlor In voiiinlili' l iit'iiimif ami*!i, Urnitiiit, tn*ri'n ami Vonla. 
To ilioiii' \vi' iiiiy Mow |io'i!iilily a'lil a loiiilli, I'lrott. lint, 
wliili' llio tlii't'f ntioyo Iiioiit iolioil IlliKllI l>i* Hi*<-il at llliy 0|i|M)i)i.< 
lion, Mro't, if ovor lirii'lil i*iiini|ij[li, will only In* no at ono 

o|)|ioMii ioii ill f liivly-iii'vi'ii yearn. 

Oiit* fonliiro of llio iiiai'i'li of liii' |>liLiii<tn will alwayn 
attiai'i alloiili«i|| ami ;;ivo {ilna'iiiri* lo tin* ohnoi'Vi'r, i*vi*ii 
llioU(;li m* (ii'aolii' il I'oiiiill III* ilr.ovit IVtiiii it ; tlial in I In* way 
ill wliii'li from liiiio to linit* two of iiioro of Ihoiu will voitm 
into t-lono |iriiKiiiiity to oai'li ollii'i', or it iitay iio to notim 
Inij'lit tlxi'il iifar or to Iho iimoit. 'I’Iiuh mi Hi*j»lom)ii*r lo, 
IlHil, all till' llvo i?liii'f |>laimtn wmo ill rmijinml.imt ioj^rolhor 
ill l-lio I'oiiHti'llalioii Vii'ffo III llm I'anf, of Sjiira. hi inui'ti 
imoo rori'tif liiiioH, iVoir of tint livo oliief |ilaiiM|..H raiiio 
toi»:t*(lii'r in till' foiitilollalioit ArioM, JMeri’iirv lieiiiK fim only 



Tllli ^LUIOH OF :i’II 15 I'LAJfETS. 


Ml) 

Jnuli jiis ii. Ims l)OOii asserted that tho crescent of VonriH liaa 
been soon with th(i naked eye, no it is also assortoil, but. on 
Honicwlial, Isdlcir iiuthority, (hat the satellitos t)l* .Tiipitin’ 
liavo been seen at their eloiiffations fi-oni their primary, 
and thouf^h of eoursti it is uthu'ly beyond tlio luviiided 
sight i,o pei'ceive the ring of Satnrn, tho claim has been 
made that Saturn has Iteen (>bs(n’vod as an (dongatod, not 
ns a circular point of light. By a (uirious eoim’.idellel^ it 
happens that the diameter of Jupiter at t>ppoMition, tho 
major axis of Saturn’s ring, and the diameter of Veiuis 
at greatest brillianey, are all viu'y lusirly e<pial, and u.ll 
are voiy near tho limit i>f defined vision. It follown there-, 
fore tliat tho Sntnrn observation is as difliciilt as that of 
Venus, but the sat(dlit(!s of Jupiter are not cpiitii ho ho^Mj- 
less. The first and second are always too ehmo to their 
l>rimary to he seen apart from it, and they are probaVily too 
faint as Avell, But the third would be very readily vifiijihi 
if it Avere a solitary star, and at Its greatest olongatioii 
from the planet it is distant fi’om it ri.v minutes of are, 
one-sixth of the apparent diameter of the moon. Many 
people can separate Cj and s.^ Lyrai Avhich are considerably 
iKMirer to each other. The fourth satollite attains a diBtanco 
at greatest elongation of nearly ten nnnul(w of are, a 
distance amply suflieient to sepi^ralo it from Jupiter, but. 
is hy no nusins so bright an object as the third, The 
story of ‘VVrangel, the eelobrated Itussian travclloi', quoted 
by Mr. (I. I‘\ Chambers from Ariigo, that Avhen in Siberia 
he once mot a hunter Avho said, pointing to Jiijiiter, “ I 
liave just seen that largo star bwiiHoav a small one and 
vomit it shortly afterwards,” is a beautiful siMiciin.en of the 
traveller’s tale, Wrangol explains the hunter's reiuarlr as 
referring to an immersion and subsequout emersion of the 
third satellite. It oscajied A rage's notice that it t».koa I he 
third sateUito over a week to pass from one elongation to 

M 
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tropics of Cancel’ and Capricorn, wliicli imirlc roii} 2 jhly the 
limits botwcen wliicli the paths of tlio two pliinctH arc 
confined, as seen nt sunset in the liitiliidos of 53" .N. and 
3G" N. respectively. 




FlO. 87.— Positions of tho lOquutor tnul Tropios, rolutivo to tho Woat liovi/nii, 
for Latifcnilos C2° nml 30” N. 


The interval between an oast elongation of Mercury and 
tho following west elongation is n little i>voi’ wix wuelcs, 
Morcury passing between tho sim and tho earth in the 
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star under these conditions. For tho sotting, the condi- 
tions are reversed. If tho sun wore always in tho ec^iuitor, 
a star which sot with tho sun one day would sot 4 minutes 
before it the next, and so on day by day. But since tho 
sun is moving northward at the spring oquinox, it sets 
about two minutes lator each day, and tho star thovoforo 
would set boforo tho sun 4 ni. + 2 m,, or six ininutos the 
next night, and so on night after night. If tho star was 
south of tho equator, tho sun would bo moving away from 
it in declination, and under tho.so circumstances wo should 
get tho sharpest doteriuiiiation of tho date of heliacal 
sotting. So tho autumnal equinox give.s tho host oppor- 
tuuity for dotorminhig heliacal risings, specially for stars 
north of tho equator, and tlio worst time for observing 
holiacal settings, ospooially for stars south of tho 
equator. 

It follows from those considerations that tho Pleiades, 
in spite of the frequent reforonco to tlioir holiacal rising in 
classical poetry, were not woll placed for this ohsorvatioi}, 
for during tho 5000 years that astronomy has boon in 
active operation as a scionco, thoy wore novor ho far from 
tho vernal oquinox as at present. It must, liowovor, bo 
borne in mind that the nearer to tho equator tho place 
of observation, tho more exactly could tho observation of 
holiacal rising bo made. For tho nearer the equator is 
approached, the more nearly are the apparent paths of tho 
sail and stars porpoudiciilav to tho hori'/.on. They, thero- 
foro, seem to riso in the sky much more sliarply, and dawn 
and twilight last for a much shorter space of time. A 
similar roraarlc applies in its degree to Sirius, whioh, 5000 
years ago, would have boon by no moans a vei’y good star 
to observe at heliacal I’isiiig horo in England. But tho 
land where Sirius was made much of for this puri>oso was 
Egypt, tho most southern of all tho ancient civilisations, 
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to rise boforo tho dawn drowiiH thoni witli i(-s f^rowin^jf 
light. Tho noxt morning it will bo found tlnit thoHo Hiiino 
atiU’B am visible juat a little longer, and tins noxt .morning 
loiif'or still, and so on, until some other star shows itsoll; 
as tho ono to climb from the oasteru horizon just Imfonj 
the opening daylight becomes strong enough to ovorcoino 
its shining. 

Sucli stars arc each in their turn “ morning stars,” and 
tlicir first appeaiuuco in the faint dawn-glow of tin.' ('ust 
boforo sunrise is tho ” heliacal rising” which was ina<l(» 
much of by ancient astronomers and poets. Net without 
reason, for it is an observation of very coiisiderablo exact- 
nosH, and ono which req^uiros absolutely no instriiiiieut ; not 
oven tho simple ono of an obelisk or an upright sprsir, still 
less of the solid masonry of a “solstitial” or “ (s|uim)ctiii.l 
toinplo,” or tho huge trilithons of a Stonolienge, And it 
fixes tho return of the sun to the same part of tlu^ Imaviais 
at the end of a year quite as exactly as tliose more 
eunibrons contrivances eould do, if indeed they wcu’i' (>ver 
used for such a purpose. 

Corresponding to tho “ inoniiiig stars ’’are the " <iv(miiig 
stars,” tho stars whieh arc soon in tlm W(5Htern twiliglit 
just boforo they sot; the gatluiriug darhimss piu’initliiig 
them to bo just glimpsed for a niiiuite or tw«> before tliey 
follow tiio departed sun down to the umhu’-world. 'l.’his 
constitutes their “heliacal sotting,” ajid its observation 
BUpplemonts that of the “ heliacal rising.” 

All stars are not by any means tiqually Huitiil>le for 
observation of thoir heliacal risings and settings. It is 
of course clear to begin with that the eire,uinpela,r stars, 
tho stars which iievor sot, are (piite useless in such a 
connection. Nor are tlu) stars in tlie oxtrnme south, which 
only rise at tho best a few degrees above tluj horizon, and 
only I’Oinaiu visilrio a very few hours, woll suited for tho 
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work. The best stars are tlioso which are not situated at 
any very groat distance from the oq[uator, either north 
or south, but which lie between the tropics of Cancer and 
Oapi’icorn. Itigol, Sirius, Procyon, Arcturus, Alpha Ser- 
pcntis. Alpha Ophiuchi are fairly well placed for observa- 
tion in England, both at rising and sotting, but as a 
general rule we may take it that the time of the spring 
equinox is the best for observing heliacal settings, and 
that of the autumnal for observing heliacal risings. The 
reason of this will bo seen at once from the accompanying 
diagrams, which represent the effect of the sun’s motion, 
in declination, at both rising and setting, at the spring 
equinox j at the autumnal equinox the conditions are, of 
course, exactly reversed. 



Pig. 26.— Positions of fcUo Sun bolow tho Eastborizou, near tlu 
Spring Equinox, at tlio rising of A Piaoium. 

If the sun moved always in the equator, then a st 
;;; which rose on one day at precisely the same time as i 
sun, would vise about 4 minutes earlier than the sun 
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tho noxli, and ho on day by day. But at tlio time of tlio 
HpriiiK (jquinox, tlio HUii is inoviuf^' iiovIbwardH at tho rate 
of about *2<l! minutes of declination ovovy day. ConH(i- 
qiiontly the sun vises about two ininutoH earlier (ivory day, 
and tho stars which rise at dawn only j^ain thoroCoro upon 
tho sun 4 in. ~ 2 in, ; that 'v^ to say, two minutes. If tho 



Fkj. 2(J. — romUoiiH of the fluii below tho Wont horizon, nenr 
tho Bpriiig tCipunox, at tho Hotting of i IMHoiuni. 


star is north of tho oipiator, tho sun is also eominj^ noaror 
to it day by day, and hoiico that roi^iou of tlio slcy becomos 
brij^litor and briglitor at dawn. Tho vosult is tbali tboro 
may readily bo a good deal of imcortaiiity about tlio 
dotormi nation of tho day of tho heliacal rising of such a 
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star under these eoiiditious. For tlio sotting, the condi- 
tions are reversed. If the sun wore always iu the OfLimtov, 
a star which sot with the sun one day would set 4 minutes 
bcfoi’o it the next, and so on day by day. But since the 
sun is moving northward at l.lio spring equinox, it sets 
about two iiiiiiiites later each day, a^id the star thoroforo 
would set before the sun 4 in. 4* 2 «i-t six niiiiiitos the 
next night, and so on night after inght. If the star was 
south of the equator, the sun would bo moving away from 
it in declination, and under those circumstances wo should 
get the sharpest dotevniinatioii of the djito of heliacal 
sotting. So the autumnal equinox gives the best oppor- 

tunity for doter mining heliacal risings, specially for stars 
north of the equator, and the worst time for observing 
heliacal settings, especially for stars south of the 
equator. 

It follows from these considoratioiiB that the Ploiados, 
in spite of the frequent reCorouoo to their heliacal rising in 
classical poetry, were not well placed for this obs(3rvatioij, 
for during the 5000 years that astronomy has been in 
active o] 3 oratiou as a sciouco, they wore iiover so far from 
the vernal equinox as at present. It must, howovor, be 
borne iu mind that the nearer to the equator the place 
of obsorvatiou, the more exactly could the ohsorvatiou of 
heliacal rising bo made. Foi* the iioaror the equator is 
approached, the more nearly aro the api)aront paths of the 
sun and stars porpoudioular to the horlKou. They, thore- 
foro, seem to rise in the alcy much more sharply, and dawn 
and twilight last for a much shorter space of time, A. 
similar romarlc applies in its degree to Sirius, which, 6000 
years ago, would have been by no moans a very good star 
to observe at heliacal rising hero in Fiigland. But the 
laud wlioro Sirius was nrade much of for this purpose was ^ 
Egypt, the most southern of all tlio ancient oivilisatioiiB, 
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{111(1 111 tlKut iiiiiwollons cliindto tho sttu* iimy oftoii lie neon 
now to rifio alicoi’ from tlio waters of the Red Sea. Umlor 
such circninstnncea tlio return of tlio year could ho fixed 
with all. desired oxiietnoss by tho riaiiig of Sirius, ovon 
whoii it was on tho vernal cohiro. 

There is a great interest for tlioao who etiro to try to 
enter into tho thouglita and conditions of tho past in 
repeating for oneself the very ohaervatioiis which wore so 
aU-iinportant tlioiisands of yenra ago. And there is a real 
value in repeating them lo-day. If three or four olisovvors 
wore iiideponclontly to observe tho lieliaciil risings and 
settings of soiiio two dozen zodiacal stars for three or four 
years, wo shouhl gain a groat deal of needed inforinatioii 
as to tho actual amount of procisloii of which the motliod 
is eapablo, and some needed light would be thrown uiion 
its practical oflicioncy, Hut more than this, the work would 
prove very effective in leaching the ohaorver to piclc np 
quicilcly iniiinto points of light in Jb briglit sky. This 
tniiiiiiig would ho found nftorwards of groat vidue in more 
ambitious fields of astronomy, Tho variable star observin’ 
would find it of use in oinibling him to discount the olTec,t 
of bright moonlight on his obHorvations ; the donhie sbir 
observer would find liis_ eye (piickeiied to dobset a faint 
companion in tho glare which lu bright star gives in the 
field of a groat refractor, 

Ihit more than this, the work alfords a (dianco — a rare 
one it must bo admitted, but a chance not to lie despised 

of making a discovery of a most interesting kind. 
Occasionally eomots passing through onr systoni so apjiroach 
UR as not to be scon until they Jiro close to tho sun, 
and these are nsuidly comets of exceptional interest, both 
from the obaractor of their orbits jiiid from their pliysieal 
behaviour, . Such objects the jiorsisteiit observer of holiaiitd 
lisings and settings is — from the nature of liis work, 
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and from tho special acuteness in detecting objects in 
the twilight sky Avhioh it will have given to him — tho 
most likely to ho the first to discover. Tho great comet 
of tho autumn of 1882, for instance, was first seen at 
sundown, tho great Bonthorn comet of 1901 was detected 
just before sunriso ; in botli cases only a very short time 
before tho comet passed into conjunction with tho sun, 
and was temporarily lost to viow. In both cases a regular 

heliacal ” observer would have stood a good chauco of 
being two or three days ahead of anyone else in tho dis- 
covery, to tho gain of liis own reputation and of astro- 
nomical science. 

Tho three stars moutiouod earlier, Sirius, Procyon and 
Eigel, may bo observed to rise during tho latter half, of 
August; their settings fall in April and May. They are 
thus emphatically winter stars, Eigel coining to opjiosition 
on December 11th, Sirius on December 31st, and Procyon 
on January 12th. In tho case of those stars, tho opposition 
falls nearly midway between the date of rising and that of 
sotting. Wot so with stars near tho equinoctial colures. 
Thus Spica rises at tho encl of October, comes to opposition 
on April 12th, and sots in the middle of August. Hamnl, 
on tho other hand, rises near tho end of May, come.s to 
opposition on October 20111, and sets in the middle of April, 
Tho Pleiades, too, which Hesiod reports as being invisible 
for forty days, aro now invisible hero in England for 
over sixty, from the end of April to tho beginning of July, 
blit the date of conjunction does not fall in tho middle of 
this period but on May 19th. 

A very interesting side question would probably arise 
in the course of tho systematic observation of heliacal 
phenomena, and that is the inllucnco of colour on IJio 
visibility of stars of a given bi'ightnoss in a bright sky, 
Orion and tho neighbourhood are particularly rich in stars 
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snitiible for aucli a coinpax’ison, Tlio orange tint o£ 
Eotolgonx, the golden colour of Aldobaran, the alight 
auspioion of green about Boltatrix, the steel-blue of 
Alnath and of the giant Sirius, the white of Procyon, and 
tho contrast which is so obviona between the tints of 
Castor and Pollux, afford ample materials for a vory 
dolicato and intorosting roaearcli, and one which it still 
romaina to nialco. 


Stabs tor Hht.iaoal OnsBiivATroN. 


At SKTTiKd. 


l'’obruury-“C PoBUSl, Koif. 

Mnroli— a PobuhI, Mnrfcnft. 

V FoBafil, aiatfuib. 
o l‘lHoiwn>, (Mdd. 

Aprll~o Arions, Jfajtml. 
ft Oi'idiiis, JKgol. 

>) Taiii’i, jllcponc. 

May—o Cauls Majoi’is, .Siriun. 
tt 'I’liurl, /lldcliara}). 
o. CauiB Miuoi’ln, rroeyon. 


At liiHiHu. 

AuK»Ht“/3 OrloiiiH, Kije!. 

a ('biiIh MIuiitIh, Prooiiaii. 
a OuiiIh Alnjorfu, Sii’iioi. 
a Omiorl. 

SoptomltOT— a TiCiiIiIh, 

ft TjoiuiIh, I),)tt«ln>la. 

Ootobor— a JltiotlB, ylr(!li(riis. 
a VItbIuIb, .Spiiw. 

Novombor— « Hurixiutls, l/iiiifc. 

a Oiibliiobl, al iraifiii). 



CHAPTER III. 

Thh Mahcii of the Planets, 

Thk nightly procoHsion of tho stars across the shy was not 
tlio only colostial movoinout which impressed tlio observers 
of old. Tho coming and going of tho planets hold an 
ovoii stronger attraction for them, and tho mystery of 
thoir wanderings, which scorned at first sight to bo so 
lawless, was tho sid)joct of much deop spooulatioii. But 
this field of worlc has hoon so completely oce\ipied in 
modern tiiuos by tbe transit circle and allied instriimonts 
tliat it is now hopeless for the " Astronomer without a 
Toloscojio *’ to dream of ohtaining rosults of any real value. 
Tho only thing that he can do is to iinitato his foro- 
runuors and to familiariso himself with tho apparent 
motions of tho planets as they present thomselvos to tho 
naked eye. 

In this work ho will find that tho five planets within tho 
roach of his unaided sight divide thomselves into tliroo 
groups. Tlio first group includ'os Morcury and Venus, 
which moving in orbits interior to that of tho earth, can 
never come into opposition to the sun, but oscillato back- 
wards and forwards on either side of him. Both of 
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tliem arc therefore most easily observed Tvlien they are at 
their elongations. Of the two, Mercury, being much the 
loss bright, since he is smaller, and has a less reflective 
surface than Venus, is by far the more difficult object, a 
difficulty increased by the fact that his elongation cannot 
under the most favourable conditions amount to 28°, whilst 
the greatest elongation for Venus is nearly 48°. For 
reasons corres])onding to those which were considered in 
the preceding chapter as regulating the most favourable 
conditions for observing heliacal risings and settings of 
stars, the most favourable position for Mercury to be seen 
as an evening star is when liis eastern elongation occurs 
near the spring equinox; his most favourable position for 
observation as a morning star is when his western elongation 
occurs near the autumnal equinox. 

Com|)iiratively few dwellers in England have seen Mercury 
witli the naked eye, unless they have persistently searched 
for him, and hence the idea has arisen tliat there was 
something very remarlcable about the knowledge which tlio 
ancients bad of this planet. But as Colonel Markwick 
remarked in a paper in Knowi.rdgh (July, 1896, p. 152) — 
“To anyone who lias seen that planet in the • latitude 
of Greece, it would seem a most remarkable thing if tlie 
planet had not been seen and noted as such.” This 
proceeds partly from the climates of Ohaldoa, Egypt and 
Greece being far better than that wliich we possess lioro 
in England, But in addition to this the greater nearness 
to the equator of tliese countries involves that the daily 
path of the sun and planets is more nearly perpendicular 
to the horizon, and the twiliglit raucli shorter than witli 
us, giving an iin mouse advantage over us for observing 
this planet. The accompanying little diagram, reproduced, 
by Colonel Markwick’s permission, from tho paper just 
cited, shows the positions of the equator and of tho 
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tropics of Cancer aiul Capricorn, wlilch mark roughly the 
limits hetweon which the ]>aths of the two planets are 
confined, as seen at siursct in the latitudes of 52'^ !N. and. 
30“ N. respectively. 




Fia. 27. —Positions oE tlio Equator ami Tropi<j.i, roliitivo to tho Wost liorizoti, 
for Latitudes C2° and ilfi” N. 


The interval between, an oast olongation of Morcury and 
tho following west elongation is a little over six weeks, 
Morcury passing between tho sun and the earth in tho 
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meantimo. Tlie interval from west elonga.tioii to east 
elongation, Mercury passing behind the sun, is a littlo 
over ton weeks, the mean periods being 43i days and 
72-^ days respectively. The mean interval tliereforo fi’om 
ono elongation to the samo elongation again is 116 days. 
Since therefore Mercin^ goes through the complete cycle 
of his positions with regard to the sun in a littlo under 
four montiis, there must be at least ono favourable con- 
figuration in every year. In general there will be two or 
three. The attentive watcher tliereforo sliould have no 
difliculty in catching siglit of, the oliisivo littlo planet at 
ono elongation at least in each - ydar. 

The motioiiB.of Vonus are sph’ilar in character to those 
of IMorcury, but aro performed more slowly, and the arc 
through which she swings is a wider ono. Tlic mean 
period from oast elongation as an evening star to west 
elongation as a morning star is 143 days, whilst it is 
441 days from west elongation round to cast; tho entire 
synodic period therefore hoing 584 days, Tliere is of conrso 
no difliculty at all in recognizing Vonus Avhon sho is near 
her elongations, for she is then the most brilliant star 
ill tlio sky, but some intorost attacbos to her changos of 
brightness. Those changes depend upon two circum- 
stances : tho one, the distance which she is from tho eartli, 
and consequently tho apparent size of her disc ; tho other, 
upon tho amount of that disc which is lighted u]) by the 
sun, in other words upon her phase angle. The disc is 
greatest when Venus is between tho earth and tho sun, but 
at such a time the face sho turns to us is necessarily in 
darkness. On tho other hand, when she is in superior 
conpniction, that is to say on tho further side of the sun, 
her disc is entirely illiimbiatod, but it is then at its 
smallest size. In both cases sbo is invisible since sho is 
in full sunlight. 
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At oloiiffiition her disc is much largo v than at snporior 
conjunction, so much larger indeed that tliough it tlnm 
apijoars like a “ lialf-moon,” it gives us throe times the 
light wliicli it would do could we observe it, when it was 
fnll But ns she i>a3ses from east elongaiion towards 
inferior conjunction, the increase in appanmt size; com- 
pensates, and more than compensates, ftn* the decrease in 
pliase, until half-way between the two positions her light 
is four times that at superior conjunction. From tliis point 
tlio effect of pliaso is greater than that of iiuu'oaso of siz(!. 
The time of greatest l>rilHancy therefore is some 3() days 
before inferior conjn notion jl^d again !h] days after. '.L'lum 
a period of 512 days will^ensue Ixifoni Vtmus retui'ns a 
B(a:o}id time to her greatest brilliancy as an evening star. 
And as five times 584' days — the synodic period of Venus — 
is almost exactly eight terrestrial years, it follows that at 
intervals of eight years the tiiiuis of greatest brilliancy inicur 
on almost the same date.s. 

At lun* gr(;atost brightne.ss, Venus is .so bi’illiant that 
tliere is lU) real difiiculty in se(nng her with tlm naked eye 
in full Bunshiiio, or indeisd at high noon. Tlui hindrance is 
not the want of Imightness of the pla.n(4, Init the dillicidty 
in picking up so miiiubi a point of liglit a,s she apjiears to 
b(', unless some means is provid<!d for guiding tins eye to 
the precise spot. 'When so found the first impr<?SHion is — 
“ How could I possibly have overhxdced so bi'ight an 
ol)j(!ct7” The next impression, if the eye be turned from 
th(5 planet but for a moment, is — “ What ji lujpoloss task it 
is to try and find it again I ” 

The statement has sometimes been made that the pluise 
of Vomis may be seen under oxctiptional conditions with 
the naked eye. Fjunkly I think tliis ohservation lies out- 
side the limit of possibility} for Venus at lier greatest 
brilliance is only about 40 seconds of arc in diameter. Now 
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40 aeconda is practiciilly tlio limit foi* (liKtinct iLdimul vision, 
and it is very iinprobablo tliat tho prociso shapo (*!' \Linus 
could bo detected under such circuiustiinoos. It would, 
liowQver, bo interesting’ to know iE any one could detect tliiil. 
tho planot was not round. It is just possible that an im- 
pression oC elongation might bo givcm, tliougb this would 
show oxceptionally keen sight. 

The second group of the planets includes Baturn and 
Jupiter, which both movo in orbits far outside tluil- ot 
tho earth. From tho point of view of tlio^nakt!d-ey(» 
astronomer, neither is of very great interest. Tluur iiiovt'- 
meiits do not greatly differ from those of tlm stars, annmgsl. 
which they move but slowly. •. Like the stars tln^y will 
have their heliacal risings, being seen as morning stars 
in tho east jnst before sunrise, liising earlier and earlier 
tho time comes wdion they are visible for tlio eutii’o night. 
But before they are in opposition to tlui s»in, Unit is to 
say, are on tho moridiau at midnight, there is a. striking 
change in their apparent motion amongst tlui stiu’s, l^or 
the greater part of tho year, Saturn is moving (uistwards 
amongst the stars at an av{jrago rate tjf a d(^gree in about 
eight days. Jupiter traverses tho siimo distauco in about 
half that time ; but gradually as tho timo of opposition 
draws on, the speed of both planets diminishes, until 
Saturn comes to a atop about 70 days bcjforci opposition, 
and Jupiter about 60. Then for 14:i days Saturn movos 
■westward, and Jupiter for 122, both planets becoming 
stationary again at tho end of tho period, and then resuming 
once more their eastward march. This period of tvesbvrly 
movement or retrogression marks the time when tlu^ 
planet is nearest to the earth and therefore brighi.esi'., 
and it is at the middle of this period tliiit tho planet 
is in opposition, that is to say, is tm tho meridian at 
midnight. 
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Just as it baa been asserted that the orescent oi! Yomis lias 
boon scon with the naked oyo, so it is also assorted, but on 
somoAvliat bettor authority, that the satellites oI! iTupitor 
have 1)0011 scon at their elongations from their primary, 
and though of course it is utterly beyond tlio unaided 
siglib to jjorecive tlio ring of Saturn, the claim has heon 
made tliat Saturn has been observed as an elongated, not 
as a eirenhu’ point of light. By a curious coineidonco it 
happens that the diauioter of Jupiter at opposition, the 
major axis of Saturn’s ring, and the dianiotor of Venus 
at greatest brilliancy, are all very nearly equal; and all 
are very near the limit of defined vision. It follows Mum!-, 
fore that the Saturn observation is as difiicult as that of 
Venus, but the satellites of Jupiter are not quite so hoj[)e- 
lesH. Tlio first and second are always too close to l.heir 
primary to bo scon apart from it, and they are probalily too 
faint as well. But the third would bo very readily visible 
if it were a solitary star, and at its greatest elongalion 
from the jilanot it is distant from it SJ minutes of arc, 
one-sixtli of the apparent diameter of the moon. Many 
people (jan separate and Cj Lyrro which are considerably 
nearer to each other. The fourth satollito attains a distance 
at groatosl) elongation of nearly ton ininutow of arc., a 
<listanc() amidy suiruiient to separate it from Jupiter, but, 
is by no nuMins so bright an object as the lliird, The 
story of Wrangol, the colohratcd Bus&ian tiuveJler, quoted 
by Mr. G. I?. Clnunbers from Arugo, that when in Siberia 
lie on(?e mot a hunter who said, pointing to Jupiter, “ I 
have just Been that large star swallow a small one and 
vomit it shortly afterwards, ” is a beautiful spoeiiueii of the 
traveller’s tale, Wrangel explains the huntor’s remark as 
referring to an immersion and subsequent oin.tu’sion of the 
third satellite. It escaped A.rago’s notice that it takes I ho 
third satollito over a week to pass from one elongation to 


M 
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anotlior, and that, further, as the satellite would have re- 
appeared on the opposite side of Jupiter from that on whic.h 
it disappeared, the hunter would have scarcely doseriliud tho 
incident na he did. 

An opera-glass of course easily shows tho aateUitoH of 
Jupiter, and one ojitically perfect should suflieo to elongate 
Saturn when the ring is fully open or to show tho phase of 
Venus at greatest brilliancy. 

The movements of Mars are sufliciontly dilbu’ont fiHuu 
those of the other four planets . for him to be considered by 
himself; tho chief features in his case being tlio length of 
time in which lie remains out of sight on tho far sidii of th(^ 
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Eio, 28. — Tho East Horizon nt 2 a.in. on tho morning of 1881, 
Juno 22, 

Buu, and the very great difforeuco between his apparent 
size when nearest to the earth and when farthest from it.. 
Tho synodic periods of Mercury and Venus stated above 
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ax*o 11 G and 58d< days respectivoly ; those of Jupiter and 
Saturn aro 84 and 13 days longer than an eutiro year, but. 
the synodic period of Mars is 50 days more than two years. 
During the greater part of tliis time he is moving eastward 
amongst the stars at a pace of only a little le,ss than a degree 
a day. As ho approaches opposition his pace slackens down 
until, like Jupiter and Saturn, ho becomes stationary and 
then recodes for a time westward. This period of recession 
liogins about six weeks before opposition and lasts about six 
Avceks after. 

The chief interest of Mars, as a subject of observation 
without tlio telescope, is the opportunity which he gives, 
especially when ho is in the more distant parts of his orbit, 
and thorofore relatively fainter, to compare him as to his 
Iji'ightnoss with the stars near to which he passes. This is a 
work which needs doing, and which anyone could undortakc, 
yet it has been almost entirely neglected. 

Throe other planets aro just'witiiiu the limits of visibility 
unde.r favonrablo circumstances, Uranus, Ceres and Vo.sta. 
To these wo miy now possibly add a fourth, Eros. Ihit 
while the three above moiitionod might bo seen at any oppo.si- 
tion, Eros, if over bright onough, will only bo so at one 
opposition in thirty-seven years. 

One feature of tho march of the planets will always 
attratjt attention and give pleasure to tl»o observer, oven 
though no practical result bo drawn from it ; that is tho way 
in wliich from time to time two or more of them will come 
into close proximity to each other, or it may ho to some 
blight fixed star or to tho moon. Thus on Soptemhor 15, 
118G, all the live chief planets were in coujuuctiou together 
in tho constellation Virgo to tho oast of Spica. lu much 
more recent times, four of the five chief planets came 
together in tho constellation Aries, Mercury being tho only 

M 2 
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missing mpniboi', and this tionjiincl.ion wiih miuhi llin mor<? 
impressive by the prosonco in tlio midst of Urn group of llio 
wining moon. This boautiCnl speetiKih* was witimssed in 
the early morning of Juno 22, 1881. 




CHAPTER IV. 

SuNaVOTS AND M0ON8POTS. 

TiiUHK avo ouly two of tlu) lioavoiily bodica which pi’cscnt 
a diac to out* ordinary and tUo aurfacoB of which 

thoi’oCoro wo can atiidy without a tolosco[)o. TIioho aro the 
aim and moon, It is, oC course, abaolutoly impOHBliilo tiiat 
olmorvationa thus made can in any way compete wilih lliOHO 
made oven with a haud-toloscopo ; but from the point of view 
of aatrouomical drill, aa diatinguiahed from actual rosoarch, 
tlioro is Hoinothing to bo said for ayatoniatic work 
upon both of them, Jupiter as soon with a magnifying 
power of 50, Mars at a mean opposition with one of 100, 
Saturn with a uimilar magnirication, present about the 
same apparent disc as the sun and moon do to the nakod 
oyo. There is therefore a real interest in seoing Iiow 
much detail the oyo can actually detect upon those two 
hodios. The limit of magnification possiblo for the 

omciont study of tho surfaces of tho iilanots is sor 
roachod, and when an astronomical artist has done 
very best with Jupiter, Mars, Saturn, or Yomia, it wo 
ho an invaluable check upon bis work if ho would di 
tho suii or moon with a little instruraent, and such snm 
magnification us would give to its disc the same appavoi 
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diameter as had boon ])ro8onied l.o liiin by the. plainil. 
which ho had just boon studying. The “ nullotiii do In, 
Socictc Astronomifjuo do I'or liHlO ('(uiluiiiH a 

large number of such drawings of tho moon, iniuhi wH.h 


NOnTll. 



»OUT]t, 


I’m. 29.— Photogriiph of Moon, tnlton 1002, Mnroli 22, 
lOli. 37in. 24s. O'.M.T. 

the naked eye. and the study of them is. I thinlc, most 
instructiye on a number of points which have been in 
dispute from time to time ais to tho condition of tho surfaco 
of Mars. 

The defining power of the eye is, of course, limited, ii,ml 
when a number of details are presented to it, each one of 
which is much too simill to bo deJinod separately, all togotbor 
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produce a composite effect to which each detail has con- 
trii)utod in its own degree. Now there certainly is a wide 
diiferenco in tJio manner both in which axich composite 
■efhicta will iinjiross different persons, and in the way in 
which they will record them in a drawing. And tJio study 
of tlio “personality” of astronomical artists should bo a 
necessary precedent of t^io cojnparison and collation of 
thoir drawings. Tlio drawings of the moon, given in the 
volume referred to above, are as widely ditferont as any sot 
of drawings that were ever made of Jupiter or Mars. Yet 
a careful comparison of them with maps or photiigraplis 
of the moon will show that the forms given are not 
imaginary, l)ut have a real rehitiou to the lunar mtu’kings, 
whether tliey b(! slnl fully represented or no, 

Tho following di'awings are from the volume cited, 
piig(m 277 and 505, and are by M. Maurice Petit and 
M. B. M. Antoniadi respectivedy. The latter coinmonts 
on his <d)8ervations as follows : — 

“ It is a work of iininoiiso (hlllculty to diuw correctly all tho 
“ cloliiilB that tho naked oyo vcvoalfl to us on tho aurfiicc of our 
“ Hatollito. It ie ahovo all thing.s iioeossary that tho moon nhould 
“ ho Boon witli tho greatest possible distinctncBB. If the oyo i» not 
“ oniinotroinc it will bo noocssavy to Boloct glnsaos of tho proper 
" foitiiB bringing tho foous exaally on tho rotinu, J'lio aocoin- 
“ panying Bketeh, which ie only a rough approximation, was obtained 
■** with coruMivo glasBCs, allowing at least ton stars to bo seen iu tho 
" group of tho rioiadcB; it is tho result of studios covering aovcral 

" lunatious -L'lio darkest spots seoinod to mo (1) tho Maro 

“ TraiKpiillitatiH, and (3) Maro Nuhium. 'Tho Mai*o Soronitatis and 
“ FoounditatiB como next, Maro Tmbrium and Ocoanns Procol- 
“ larinn arc atill paler. 'Tho littlo Maria Orisinm, Vaporum, .ITiimorum 
“ and NooUivis, aro rodueod in size by irradiation, and presont to tho 
*' naked oyo an apjioaranco cor responding to that of tho Ijaous Solis 
and LacuB Inmiu of Mara as aeon in a toloscopo. 'Tlio white opota 
“ of Oopernious and ICoplor aro vory woU scon, Aristarolms with 
“more dinieulty, whilst 'Tycho, with its hvlUiant Burroundinga, 
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• “ occupies an hmnonso wlutc surface ; bub . . . the ring itaolf 

“ is not soon. Clucvike, IJonplnnd, I’lirry mul Ei’a llniiro make up 
“ abriglifc island in tbo Mure Nidiimu. Lastly, the Mor(( Soronitatis 
“ is whiter in the centre by reason of tbo great white streiik euniing 
“ from Tycho which crosses it." 

With regard to this sun, it may ho Uunight that ahsolutoly 
nothing can be done without optical assistance. But any 

n 



A, Miu’o Ci’IbIuiii. H, Maro FnttcHiidlliitlH. Miirla Neolarls ot 'rnui- 
fluillltatiH. n, Mure Iiiilnlniu. tO, Oeoiiiiurt Prooollnriitii. r, Mure Hmnormn. 
G, Mare NuLiiiiii. K, AiioiiniiiCB and Uoparideiis, 

Tia, 31). — Drawing of tbo Moon by Af. Mniirico Potifc, 


observer who will give liiinHolE day by day to its palitMit 
scrutiny will be astonished ore long at the rosnlt. Of 
course, in this case, the term " tiulcod oyo ” is no longer 
applicable, since the eye must be shiulded from the over- 
l)oworing light of the sun by a dark glass or the 
sim’s light may bo admitted through a Bimill hole into a 
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darkeuecl chamber and rocoivod upou a white screen. But 
thus observed the sun at maximum activity will show a 
spot lavi^c enough to bo oaaily seen on fully one day in 
four ; not infrequently two or three spots may he seen at 
the same time. Had it occurred tj the classical and 
mcdiooval astronomers to watch the sun systematically iu 
this way, they -would not only have detected the existence 



Kiu. — Drawing of the Moon by M, vtntoiiiiidi. 


of spots on its disc, but have doinonstratcd as certainly as 
we know it to-day the ])eriod of the sunspot cycle, and 
the value to us of that information would have been 
incalculable. More than that, it would have boon possible 
for them, from a lung series of observations, to have fixed 
the solar rotation period fairly exactly and to have made 
a first approxinuttion to the determination of the position 
of the axis. 
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Tlio accoinpaiiying lit-tlo table and diagram give a. 
parison betweeJi llic number of days in each year during 
the last two decades in which thoro wore spot gnnips tho 


Yoar. 

No. of Dnya on wliioli 
Spot-gi’oupB exceeding one- 

Mcsiiii daily spoltod iiroa 
oxpi'OPBod in millionths of 
tl)0 Sun’s visihlo lunni- 

lliODjandtli of tho Suh’r 


disc woi'o visible. 

BpiuH'O. 

1882 

78 

1002 

1883 

129 

:1155 

1884 

91 

1079 

1886 

08 

811 

1886 

35 

381 

1887 

17 

179 

1888 

3 

89 

1889 

3 

78 

1890 

8 

99 

1891 

32 

5(19 

1892 

99 

1214 

1893 

135 

14(!4 

1894 

112 

1282 

1895 

82 

974 

1890 

58 

543 

1897 

62 

514 

1898 

<lr2 

375 

1899 

9 

111 

1900 

1 

75' 

1901 

5 

29 


area of which as seen covered more than one-thousandth 
of tlio sun’s apparent disc, and tlie moan daily spotted 
area expressed in millionths of tlio visible homisjjliore as 
deduced from tho photographic record at Greenwich, It 
will be seen that tho first record comes as sharply to a 
maximum as tho second, and falls off again as \ininistak- 
ably to a minimum. Even some minor details t)f tho 
second curve are faithfully indicated in tho first. Tho 
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limit chosen — ono-thoiisandt^i of the visiblo disc, or almost 
exactly the appiiront size of Venus in transit — would not 
in all cases (lorrespond jn-ocisely to the limit for the visibility 
of spots ; but general oxporienco has sliown that the limit 
Holectod corresponds very nearly to the limit of visibility 
without optical assistance, differing from it in under- 



stating, not over-stating, the number of groups which could 
bo soon. 

Of course, thoro is no possibility now for tho "Astro- 
nomer without a Tolostiopo** to improve on tho infovipation 
which tho tolescopo can give ns as to solar physics, hut tho 
lesson which tho foi*(?going tablo lias to teach is a most 
important one. Observations, as dinicult and as apparently 
liopoloss as observations of tho solar surface would havo 
scorned to be in tho Middle Ages, may, if carriocl out 
patiently and systematically, boar as rich fruit as solar 
observations could liavo done even then. Even after tho 
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inveulion of the tolcscopo, it was uofc the ()|)ti(!al powoi* of 
his instrument, but liho porsevoniueo witli whir.h lu' 
worked at a single objO(.t wliiob mvoahid to Hcdnvabo tlio 
seuret of the solar poriod. Ho liiul no drcMiin of Mio diu- 
covery before hhn whcu ho sot out u|)om his rosim.ro. lies. 
His own expression was that ho “sot out like Saul, hmking- 
for his father’s asses, and found a kingdi)m.” TIuu’o im’ 
kingdoms yet to be won, even iei those iiolds of astriuiomy 
which the telescope cannot toiio.li. In particular, (ihaugi's 
which are periodic in ohanictor will reveal tin? fax't ami 
ciicuinstances of that periodicity to observiiitinis earrii'd on 
patiently and coutinuoimly, even when the amount, of sm'h 
changes at their maxiimim only just come Avilhiii llu> 
utmost limits of the power of the instruments uhimI in l]u‘ 
work, 


OHAPTIillt V. 


A Modkrn Tyciio. 

In iho Chaptor on the ** March of the Planets,” I roinavhed 
” This oC work has been so conijdotely occupied in 

niodoru times by tho transit (drclo and allied iuatriunonts 
that it is now hopeless for tho astronomer without a toloscopo 
to dream of obtaining rosidts of any value,” Yet though 
tliis is tho case, it has Inipponod even in our own day that 
circumstances have ])rc(dud(«l an astronomer, not nieroly from 
using optical means and inoclorn instrumonts of precision, 
but oven from availing himself of tho results whicli others 
have seeured by their moans. This condition piwails 
in India, whore religious sentiment places an embargo 
n])on tlu5 resnlis of wcjstorn science. Tho very essence 
of Hindu life is the faithful carrying out of a routine 
of religious obsorvaucos, inseparably connected with tlu) 
Icnowiodgo of tho positions of tho planets and stars. For 
this purpose a full and correct calendar is needed for 
the right ordering of every Hindu family, To Europoans 
astronomy is tho pursuit of the very few, and tho luultitvido 
know nothing and care loss about tho phinotary luovo- 
moiits. Sucli ignoi’anco to tho Hindu would iudicato a 
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blamowflrfcliy indifforonco to fcho dutioH of and to tlio 

requironiGutH oi! sooioty. 

But a aorious difiioulty has boon {^'rowing Cor many 
yoara. Two huiidrod yoara aj^o Kajah .Toy Bingli iioli'd 
that tho ealcidation of tho places of tho atara as ohtainod 
from tho tables in common U 8 ( 5 , p'avi' widely dilTortmt. 
results from those obtained by oi)servation ; tlio l.inu's 
and magnitudes oC tho (scslipaijs of tho stin and moon, the 
times of tho risings and sottings of tho planets, and of the 
appoaranco of tho now moon, were all faulty ; tho aneiont- 
Siddhantas having been loft without revision from the 
time of Bhaskara, tho aiUhor of the Siddhanta-Siromani, 
nearly six hundred years boforo. It was in (toiiHeijiienei^ 
of this discroi)an(5y, keenly ftdt oven then, l.hat liajah 
Joy Singh obtained tho permission of Malioinmed Hhii-h 
to erect observatories in order to ol)taiii new dalii. by 
which tho tables should bo correchul. Throe of the live 
observatories erected by .Toy Singh are well Icnown. Mios(. 
of Joyporo, Delhi, and Benares. Of those, tho oiui at 
Delhi, estabUshod about tho year 1710, aiipears to have 
been tho first. 


Tho Qentur Muntur, or Koyal Observatory of Delhi, 
though barely two centuries old, is of a tliorouglily ancient 
typo in its conception, and was intended for I'lake.l-i.y,. 
work alone. Just as at tho lioyal Observatory at (Troon - 
wicli the transit circle and altazimuth are considijred the 
two fundamental instruments, go hero at Delhi the 
chief structures wore evidently designed for (jorresimnding 
purposes. 


The first object to catch the eye is the groat gnomon, 
tho vertical section of which is a right-angloil triangle 
with an hypotonuse of 118 feet, a base of lO'J, foot, and 
a perpendicular height of 57 approximately. Tho face of 
the gnomon therefore is parallel to the axis of tho earth, 
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its angle corvespouding to the latitude of Dollii. Up the 
middle of the giionioii runs a staii’caae, and right and left 
of the gnomon arc groat sectors on which its shadow falls ; 
tlioso also being provided with steps over which the 
shadow took four minutes of time, corresponding to one 
degree of arc, to pass. A smaller structure near has some 
variations in its design, the gnomon being in the centre 
and flanked on either side by semi-circles sloping down- 
wards from it towards the horizon. Further to the south 
of those gnomons, the chief use of which must simply have 



Fio. iW.—Tlio Gtontuv Minitur, or Royal Observatory of Dollii. 

been to give tho solar time, are two largo buildings, 
which are evidently intouded to serve ns altazimuths. 
The two buildings aro exactly alike in design and size, and 
they give the a])poarauco from outside of being miniatures 
of the Oolossouin at Eomo. Within they are scon to be 
perfectly circular onelosuros. Tho wall of each is pierced 
by throe tiers of windows, thirty in each tier, tho breadth 
of each window opening being precisely equal to the width 
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of tbe wall botwoon oaob pair of wiiulowH. Tho (lilliirciu'o 
between the two ImildinyH ia aiinply it (| nidation of pnHilion, 
the two being so itvrunged that l.lat windows of oiio 
coraiuaiid precisely those a'/imiitlis wlindi tiro bidden by 
the wall of the otlior. In the laMitre of i^iudi (nieloHiiro is 
a pillar rising to tlio height of the eiudoHing wall, whilst 
from the circular wall thirty sloim miotors are direoliMl 
towards the central pillar, but do not quite reiteli it. 'riio 
building is 172-^- foot in ciroumferenco, or bb font in 
diameter, and the sectors running from llio wall (owitnls 
the pillar are 24^ foot in longtli. The windows, no doubt, 
were intended to oiiiible the altitude and iiziniutli <d' any 
celestial object to bo read off at sight, and I'or rough 
positions no doubt it did fairly well. 

But the chief interest of Joy Singh’s obHervii.! orb's 
lies for us in the fact that they ri'c.all a tinu' when 
astionomers sought for oxaetness hy the ori'etion of liugc! 
structures of stone. Of these tlio Groat Py ram id is by fur 
the greatest and most perfoct example. 'J.Mk' nortli Himfl., 
pointing to Alpha Dracoiiis, tho pole star of the pi'riod, ( lie 
grand gallery which may very well, as Proetoi* suggests, 
have been used as a vast transit (diainbor, give iividi'iict' ol; 
its astronomical purpose, wliilst the care with wliii'li tho 
exterior of the Pyramid has boon orioiihsl, would llx mont 
delicately the dates of rocurropco of the spring ti.ii<l 
autumnal equinoxes. This would bo aoeu from tlm eireniu- 
stance that on one day in spring tho north face of tho 
Pyramid would be in shadow at sunrise, and tlu' next, day 
the south face, wliilst tho reverse effect would he noted in 
the autumn. The exact days of tho equinoxes would ho thus 
pointed out, and the return of the year to tho same point 
would be marked with great precision, 

Biitaiu has. its own mouumont-Stoiiohcneo-wliMi liitH 
hoen otaimed as, if not indeed an aetvouoraioal obeorvatory, 
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11 . 1 ; least an asfcreuomicial i.oniple, and many attempts havo 
liceii nuidi.! to didan'miiuj the date at wliicli it avas erected. 
TJiu diflicnlty, not to say the impossibility, of Holviiiy' tliis 
prol)l(?m ill the present state of tlie monuiueut may bo 
inferred from tluj fact that Uu; dates wliicli difforont observers 
have deduced for its ereetion extend over a period of moro 
l.lian 2000 years. 

Tlie bi!st ^vork of astronomy, even in the pre-tolcscopie age, 
was lusver iiouo in edilioes like those. 'N’or, indeed, does it 
re)|uire mncli knowledge of bnman luitnro, essentially the 
same 5000 year.s ng’y a>i to-day, to see that tlie true secret 
of (ho Fyi’amid, the amply sullicient cy,nso for its building, 
was the vanity of the ruling Pharaoh. Wo got a graphic 
hint of this in the luirrative in Goiiosis of tlio founding 
of a yel. earlier observatory, for so no doubt it was. “ They 
said, do to, lei. us build us a city and a tower, whose top 
may reacli unto heaven, iind let us make us a iiamo,*’ Alike 
at Delhi, at dlii/.oh, and on Salisbury Plain, aa by 
the liluphrates, to “ make a name ” Avas, beyond doubt, the 
exciting motive. Astronomers may havo been em[)loyed to 
Hiiperiiitimd the work, astronomy, or the cult of tlie celestial 
bodies may have lieen the excuse, Imt the ri'al motive AViis 
ostentation. 

Hut the Avorlc for Avhieh the proteiitious buildings of the 
liajah of Ainher Avere designed, has been more oflioiontly 
accemplished (juite rocmitly by very humble nusiiis, and by 
a recluse in an obscure A'iHage."*-' Chandra sekliara Simlia 
Hanianta is a muir relatiAm of the llaja of Kluiiidapara, 
one of the tributary chiefs of Orissa. At the early ago 
of ton, having lieeii taught a little astrology by*’ one of 
his uncles, lu! beisimo most anxious to nioasuro on his 
own account the positions of tho stars in their nightly 
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movements, and by tlio time that ho was fiftoon yours ol! 
age and had learned to calculate the opliomoridos oC tlio 
planets aiid of the risings and settingH of stars, lu? was 
deeply disappointed to find how great was tlio disisordanco 
between his calculations and what ho actually obsorvoil. 
It was no wonder that ho found discordances ; no two 
of the current Hindu almanacs agree in their predictions, 
and one of the most widely circulated of the Hongali 
almanacs may he as much as 4° out in the longitude of a 
planet. 

In this difficulty Ohaudrasolchara had to work out Ids 
problem unaided. He bad to make his instruments for 
himself, to some extent ho had to doviso them. Tho oiio 
of which ho was foiidost is a tangent staff consisting of a 
thin rod of wood twenty-four digits long, at the end of which 
is fixed another rod at right angles in the form of T. Ifho 
cross-piece is notched and also piorcod with holes equal to 
the tangents of the angles formed at the free oxtreiriity of 
the other rod. 

For many years ho has been carefully I'cviHing tlio 
Siddhautas in order to bring them into conformity with 
his observations made at the prosont period, and ho has 
been able to obtain a most astonishing dogroo of accuracy 
in his results. Thus, the sidereal period for Mercury is 
only 0 0007 days different from that adopted by European 
astronomers ; for Venus it is only 0'0028 days. The 
mean inclinations of the orbits of tlio planets to tho 
ecliptic are correct to about a minuto of arc. Tlio ci'i’ors 
of the ephemeridcs computed from his now constants aro 
reduced to about one-tonth of thoso in sonic of the most 
widely circulated Hindu almanacs. In his discussion of 
the moon’s motion, he made the discovery — indopendont 
and original on his part — of the lunar evection, valuation 
and annual equation, which found no place in the earlier 
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Sldtlliautas. In much of his work he had tho advautago 
of comparing his ol)5i.orvafcions with those of Bliaskara, 
made more than seven lumdrod year.s earlier ; not indeed 
that tho latter had recorded his actniil ohaervatioiis, l)nt 
it was ]>ossiblo to ascoriaiii what they imist have been from 
the planetary elements which he had deduced from them. 
Nevertheless, to have obtained such important results and 
so high a degree of accuracy, by naked-eye observatioais 
and with entirely honvo-nuide instruments, and in the utter 
a,b.sonco of modern book learning, is a striking illustration 
of what resolution can effect. ' 

Cliandrasokhara lias been compared to Tycho Bralio, and 
tho comparison is in many ways a just one, though tho 
rocluso of Orissa lacked many of the advantages ]) 0 .sseHaed 
by tho noble Dano. As to liho accuracy of Tycho's woi’k, 
it will 1)0 roiiiemborcd that Koplor was led to the first of 
bis tlu’co groat laws by finding that his theory of the 
circular motion of tho planets differed from an observation 
of Mars liy Tycho by eight minutes of arc — but one-fourth 
of tho moon’s diameter. Kepler concluding that it was 
impossible that so good an observer could bo in error to this 
extent, abandoned his hypothesis and tried that of motion 
in an ellipse. 

In tho recluse of the Orissa village, we seem to see 
reincarnated, as it wore, one of the early fathers of tho 
Hcudicc, long cenlnries ore tho telescope was dreamed of, as 
ho grappled with tho problems which tho planetary move- 
ments offered to him for solution. More than that, he 
affords an example of tho achiovoinonts within the roitoli 
of tho uakod-oyc astronomer, and a telling illustration of 
tho precision which patioiico and practice can give to hand 
and eye. And these are always needed. For be tlie 
telescope over so good and powerful, still that which is by 
far tho most important is tho man at tho oye-end. 
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ASTRONOMICAL OBSERVATIONS 
WITHOUT A TELESCOPE. 

CHAPTKll I, 

Meteoes. 

It is an old saying, of the truth of which wo are often 
reminded by our daily experience, that what is every- 
body's business is nobody’s business. Worlc which 
Bomeono is obliged to do, or is paid to do, gets done. 
Work too which is only open to a few to undertake 
also generally finds that some of that few will undertake 
it. But that which is open to everybody and yet to 
which no one is appointed, no one is driven, hangs fii’o 
and is left undone. 

To take one example, one of the very earliest achieve- 
ments of astronomy was to determine the length of the 
year. This was done long ages ago, earlier than we 
have any record. But it was a necessary, or at any rate 
a very practical and useful worlc, and consequently was 
done at an early epoch. Take again a modern instance 
— the observation of double stars. This is a work which 
is by no means within everybody’s reach. A jjowerful 
telescope, well mounted, clock driven, and furnished 
with a good micrometer, is the luxury of the few. But 
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in spito of, porliapa we should rather say hecause of this 
restriotion, double star observation has always found a 
nuiubor of ardent followers. So that although it is but 120 
years .since this branch of astronomy took its rise, it has 
already made a most amazing progress. 

On the other hand, the various branches of naked-eye 
astronomy, branches open to every one who has oyos 
to see and a good atmosphere, have been left almost 
unworked. The departments of meteoric and variable 
star astronomy are the only two in which great and 
siih.stautial progress lias been made, and in both cases 
such progress has boon the work of tlie last few y()ars. 
In meteoric astronomy tlnvt progress has been especially 
strilving. It therefore justly comes fir.st of all the subjects 
for study open to the astronomer who has no oj)tical 
assistance at his command ; the more so that no other 
objects can be so easily or frequently observed by him as 
meteors ; nono can afford him such an opportunity for really 
usoCul work. 

It is very striking in looking back into astronomical 
i’C(!Oi’ds to noto how vory recent is most of our infpi’ma- 
tiou concorniug mctcor.s. For thousands of years men 
have boon awaro that there wore " wandering stars to 
whom was reservod tho blackness of darkness for ever.” 
At times, too, they would coino, “ not single spies but in 
’battalions,” in such numbers and with such brightness 
as to ooinpol attention and create tho deepest astoiiish- 
nxmi. and fear. But for all those ages it does not seem 
to have occurred to anyone to try and observe them ; 
that is to say, to record such facts about them as it 
was possible to ascertain during the brief momenta that 
they shone. 

Thoro is an immense gulf between tho mere admiration 
of tho i>henomoim of nature and their observation. The 
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first is utterly unfruitful ; long generations of men pass, 
each having seen the same kind of event, and yot tho 
accumulated experience of ages letids to nothing. But, 
on the other hand, let one man, or, better, let three or 
four give a few years to the careful, steady record of 
everything that they can ascertain about some phenomenon, 
however unpromising, and what marvellous facts leap into 
light ! 

How utterly ignorant even recognised authorities were 
but sixty years ago may be seen from the ftdlowiug 
quotation from a standard text-hook bearing tho date 
1840. 

“Tho Fulling Stars, unci otbor liory meteors, whieli iiro IVo- 
qnonfcly seen nb a considorablo height in tho atmo.sphoro, and whioli 
have received different names nccoi’ding to tho variety of Ihoiv iiguro 
and size, arise from the fermentation of tho oflliivia of noid and 
alkaline bodies, which float in tho atmosphoro. When felio moro 
subtile parts of the efiliivia nro burnt away, tho viscous ami oarthy 
parts bocaine too Jieavy for tho air to support, and by their gravity 
fall to tho eai'th. 

“ On tlie 13th of Hoveinhor, in tho year 1833, a showor of meteors 
foil between Ion. fll” in the Atlantic Ocoau, and Ion. 100'’ in Central 
Mexico, and from the Worth American Lakes to tho Bouthern sido 
of Jamaica. Tlicso fireballs wore of enormous size ; one appeared 
larger than tho fall moon at. rising. They all seemed to omanato 
from the samo point, and were not accompanied by any ])ai'ttculav ^ 
sound. It was not found that any substance reached the groutul 
BO as to leave a residuum from tho meteors.” 

It did not seem to occur to the writer of tho ahovo 
description that the circumstance which ho montions — 
namely, that the meteors “ all seemed to emanate from 
the same point,” itself proved that the meteors were entering 
the atmosphere from outside and were moving along parallel 
lines at the time of their entry. 
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Tho great display referred to above, bowever, was tlio 
oundation of modern meteoric astronomy. So rangni- 
icont a spectacle as was then witnessed not only attracted 
liousauda of gazers, it caught tho attention of men 
vho wero resolved to use ovovy possible opportunity for 
earning. 

Tho enormous numbers of meteors seen in tlio 
^Tovombor sliowor of 1833 rendered it manifest that on 
hat occasion, at any rate, the falling stars seemed to 
liiivG their origin in a single point of tho heavens, and 
bhereforo it became an important point, whenever a 
meteor was seen, to note exactly tho direction of its 
(light. Humboldt, who had himself seen the great 
November shower of 1709, writing in 1814, recognized 
four points in tho heavens from whicli meteors seemed 
to fall, aud drow attention, tliongh with some hesitation, 
to the reasons for thinlcing that the November shower 
was only occasionally to be scon in great force. Sir 
John Herscliel, about tho saimc time, recognised only 
two showers, those of August (tlio Porsoids) and those 
of November (tho Leonids). Now by the labours of a 
very few observers, one of whom, Mr. Donning, may bo 
.said to have outweighed nil others put together in tho value 
and number of his results, we know of many hundreds 
of radiant points, whilst tho researches of Adams and 
Scdiiaparolli have enabled us in some cases to tract) tho 
meteor streams in their path, not only far beyond tho spread 
of our own atmosphere but to tho very limits of tho solar 
system, and they have been sliown to bo not more dis- 
tompors of tlio air, but bodies of a truly planetary nature, 
travelling round the sun in orbits as defined as that of tho 
earth itself. 

How lias this great advance been made? Simply by 
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careful, patient, hitolUgent observation. First of all 
b}' carefully noting the points in the sky where the 
meteor was first seen and whore it disappeared. This 
requires a tliorough knowledge of tlio constelhition.s, as 
indeed all uaked-eye astronomy does, and groat qniclc- 
uess of observation. The meteor worker must bo able to 
fix the two extremities of the path at a glauoo and 
to romembev them faithfully until he can in some way 
or other note them down. Mr. Denning advo<5ate8 the 
use of a perfectly straight wand, hold in the liaud, and 
projected upon the path of each metoor immediatoly it is 
seen. The direction and position of tho path relative to 
the stars amongst which it lies can thou be noted with con- 
siderable precision, and the path marked down upon a globe 
or chart. 

For this he will require a certain amount of what wo 
may term apj>aratus, either a celestial globe or a set of 
star charts. Tho choice of the latter is of iiuportauce, 
as no possible chart can show tho onbiro sky without 
grave distortion some way or other; and more important 
for the present purpose, there is only one projection 
which will give a straight line on tho chart for all great 
circles or parts of them; that is to say, for all lines 
which . impress us as straight lines as wo see them on 
tho sky. 

Tho observer’s first duty', therefore, is to acquaint 
himself with the coustollatioiis ; his next, by repeated and 
persistent effort, to learn quickness and correctness in 
fixing the extreme points of the meteor paths. This 
done, ho will recognise that there are several other 
features in which meteors appear to differ, tho one from 
the other. His observatioms of tho paths will soon show 
him that the length of a meteor path varies greatly ; 
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lio cannot fail furtlior to notice that the apparent speed 
witli whi(!h it travels varies also. To the record of the 
patli, thoroEoro, should bo added the determination o£ its 
lonjA'th, wliich of course can bo read off from the globe 
after the i.raclc has been maidced down upon it, and 
tlm time which the niotoor took to traverse it. And as 
for coinparison with the records of other observers it is 
essential to know when the niotoor was seen, this should 
also ho noted as well as tho duration. 

Tlie actual meteors themselves also have their indi- 
vidual characteristics. Some leave phosphorescent streaks 
behind thorn, otliors trains of sparks. More striking 
than anything else is tho onorinous difforonco in brightness, 
from ono lik(i tho meteor alluded to above, "larger tliau 
tho full moon at rising,” down to others only just visible 
to tho naked (jyo. 

A 11 these particulars should be duly and regularly 
recorded ; tho iiicord taking tho following or an oquivalont 
form : — 

1. ])ato, hour, and ininute of appearance. 

2. llrightneHs; in terms of stellar magnitude, or if very 

bright, ill terms of the brightness of some planet 
visildo at tho tlmo. 

U.A. and Docl. of tho point of first appoaranco of 
the niotoor. 

4-. li.A. and Decl. of tlio point of disappearance. 

5. TiOiigth of path. 

d. Duration of visibility. 

7, CluoO charaotoristics, such as its colour, whether it 

showed streak or train, etc, 

8. Radiant point; when a sufilcient iiumhor of meteors 

have been observed for this to bo determined. 

Mr. Denning, in a paper on " Meteoric Ij’ireballs, 
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appetiring in the Quarterly Journal of the Astronomical 
Sooiety of Wales for November, 1898, makes the folloAving 
amusing, but none the less earnest, appeal to be supplied 
with these necessary clotails instead of the llamboyaiit but 
useless descriptions so counnon in the ordinary accounts 
of fireballs or other bright meteors : — 

"If aiufttciirs geneviilly paid attention to thcao details and I'enlly 
sought to flecuvo that exactness ivliicli is so neeosBiiry in thoso 
obsoi'patioiis, there is no doubt that this attractive, though dilHcult, 
field of practical astronomy woidd soon reap material benefit. In 
recent years there has scarcely boon one out of ton fireball descriptions 
which bus proved of utility. They have commonly hnilced <lcfiuito 
reforeneo to the essential features. If a computer has only two 
fjdl and accurate obsorvationa of a meteor, ho can dotormino its 
real path in the atmosphere (including the particulars of its hoiglit, 
radiant, velocity, &c.) in considerably less than an lunn*. Hut when 
he has fifty or sixty imperfect and erroneous ohsorvatioiis of a 
similar object lio usually fails, after a laborious discussion extending 
over several days, to derive anything satisfactory from theni. Tho 
discordances which such faulty observations present often lead him 
to coiichulo that in order to liarmoniso them several largo meteors 
nuiat have appeared at about the samo time. 

“ I will quote two examples (omitting names) of puhlinlicd 
descriptions of motoors, one of which is of little utility, though 
couched in language well oalculatod to make our lioarts tliroh willi 
sontiniont, and tho othor really vahiablo, though (juito hu*king in 
poetic five : — 

(1) ^On Juno 10, 1891, I saw a beautiful pliononmnon—siuldonly, 
at tho zenith, E, of tlio Groat Bear, shono forth a yellow 
globe like Vonus at her brightest. Dropping scnnowhnt 
slowly, it fell obliquely southwards. As it passed in its 
brilliant career it lighted up its dusky path with a glorious 
lustre. When it had doscondod about half-way down 
towards the horizon, it hurst into a sparkling boat of glorious 
fragments, each dazzlingly shot over with nil tho hues of 
tho rainbow.’ 

. (2) ' Date and time : 1892, December 12, lib. 22m. Cf.M.T. 
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Object ! Eino mefceov, nearly « 2. 

Path i 55° +41° to 45° + 20°} length, 22°. 

Duvation of (light : 1’2 seeoiul. 

Colour : Bluish- white. 

Ajipcnvanco : Brightest in latter portion of its path, whoro it 
loft a white strcalt for about oiio Hocoml. 

Probable radiant: e Unsre Majoris.’ 

T£ all such reports were inodollod according to tho latter jdan 
the sufferings of tho inotcoric computer vould Yatiisb, lor ho w'ouUl 
Had himsolC in the prosonco of materials adinitting of easy reduction 
and promising results of tho highest rahio. 

“Some years ago I roniomher receiving sovoral accounts of a 
brilliant (Iroball, and, after comparing them, eonclndod that aiuithor 
description of tho ond point acoiuod necessary to clear up doubts. 
An early post fortunately brought mo another loiter referring to 
tho same object, and ns I eagerly read it, I thought, ‘Ah, this is 
just what I wanted ! ’ But tho obsorvor, in alluding to the end of 
tho phonomonon, only said, ‘ at its disappoaraiico the meteor got 
into a cloud, whore it heaved one mighty flash, and all was over!’ 
This was too eiMiol 1 Of course, it mny bo bonofloitil for amateur 
observers to roliovo their pont-U)) reelings in this way, but they 
should have a thought for tho agony occasioned to the poor 
wonld-bo eomputor." 

Steady porBistenfc practice in noting theao particulars 
will soon give tho ohsovvor increased skill. One item 
verpiircs especial attention — tlio duration of the meteor. 
Mr. Donning tells ns that ho has trained himsolE by 
observing tho lUghfc oE arrows. He has omployod a 
friend to shoot those to distances from lifty to two luuidrod 
yards at right angles to tho line o£ sight, tho elevation 
being varied as much as possible, and by repeating those 
experhnonts ho has learned to judge intorviils of from one 
to live seconds with an average error of less than one -fifth 
second. 

All tho above pii'i’ticiilar.s, and not merely the direction 
of tho paths alono, arc of value in the determination 
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of the radiant point, Tho inetQOi’fi of one radiant have 
similar’ characters as to colour, streaks, etc., and also 
as to rate of motion. The apparent length of path is 
affected hy the height of the radiant point, Mr. Denning 
noting of the Perseids of August 10 that, whilst betwoen 
9 and 10 o’clock in tho evening the brighter meteors avorago 
a course of about 30°, in the morning liours when the 
radiant is near tho meridian their paths are only on(3-thIrd 
the length. 

As in all good work, skill is not acquired at once, 
and the wonld-ho meteor observer will find that lie 
makes many failures to begin with. His first successes 
will probably bo witli some bright slow-moving meteor, 
and as these are relatively few, ho will probably have 
to wait some considerable timo before bo can accom- 
plish nuicli. This need of patience and practice is one 
great reason no doubt why so few take up a pursuit 
which requires no equipment and which soon becoinos 
full of fascination. Anotlior is to lio found in tho 
unfortunate fact that from midnight to dawn is a much 
more fruitful time than from sunset to midnight, since 
the meteors which come to meet the earth aro necessarily 
much more numerous than those that overtake it, and tho 
earth has its sunrise point in front as it moves forward in 
its orbit, its sunset point behind. 

Yet there avo always pri'/os to bo socured. There is 
a great pleasure when some brilliant wanderer flashes by 
in knowing that one has secured as full and accurate a 
record as possible of its apxioarance, It was seen but for 
a moment, 

“ Liko a siiowflako on tho rivor, 

Ono moment white, tlion gone for ovor," 

Yet it has left something behind, something pormanont, 
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somBthing which years after may bo eloquent of unsiispecbocl 
truth. 

Tho groat Persold shower, chief of all those which 
are of regular annual recurrence, has been rich in such 
indication. It has shown itself to be in intimate con- 
nection with tho Third Comet of 1862 discovered by 
Swift. It has boon traced night after night for a very 
considerable time before tho date of its inaxinuiin, 
August 10, tho radiant x^oint travelling steadily back- 
ward in tho sky from tho borders of Oassiox)oia and Andro- 
meda in tho middle of July to those of Cameloxiardus 
in tho middle of August ; the steady shift of the radiant, 
night after night, having boon abundantly demonstrated 
by observations as avoII as being in strict accordance with 
theory. 

The two most celebrated showers, after that of the 
Persoids, both fall duo in the month of iSTovemher ; the 
liooiiids, and tho Andromodos. Tho history of tho 
foniKU’ shower goes back 1000 years to Octobor 12, 
902 A.i)., a suMciont number of records being extant 
between this date and November 11, 1799, to sbow 
that tho siiowor came in groat force on an average 
throe times in a century, and that tho day of the 
shower was moving slowly onwards in tho year. The 
astonishing display which took xjlaco on November 12, 
1883, which from tho accounts preserved would soom 
to have boon tho most imxn'ossivo astronomical spectacle ever 
wihiosHod, enabled Prof. Newton and Prof. Adams to 
doinonstrato that tho shower was duo to an immense swarm 
of meteors travelling in an elliptic orbit round the sun in 
a poriofjl of 33| years; while Prof. Schiaparelli showed 
that Tomxjol’s Comet, 1866, 1., moved in practically the same 
path. 



.1.80 AS'I'HOXOMK'AI, V ATK »NS WiriliM'r A 

'I'KIO'Wrni'K. 

'I'lie gn.'ul. slunvnr ul' Niivi'iiiImt 1:i, iHtWJ, nun ii 

to our lviiowlt'(|<r(‘, uikI iiii)i()rhiiit hut Ioh:i iiluiiuloui ili;- 
pliiyn woro .smui in llu* hvn r.>l!o\vin,!;' vi'itr.i. Atlor 
ooiiHpi(!uonK hIkhviU'h rnnii ihf ni.linnt in J.i-a l•.nl . A, 
but triiiiHMl iiKilnur ol).s(»rvci>i liiivo luinllv i'Vim- luilo-i i-* 
noticsu a l!ow (‘liunu'lori!-i|.i(* ri'niu tliin piiiiO i.r t1i«' 

liciiVDiiK on Nttvoinbiu’ I I-, ,»r llio nti;lH!; tinnu'ili<<li>l v fo<-- 
cwllnff and rolbnviii''. 

Ah tlioro apponivd jo |i,< ji nlivtlif infivjiiic in i b.- 
iminlMM’ ol; inotoorH uh ciirlv ini iMlu:, publi.- rxpi'.’fnt i-.n 
oL' a n'potitlou oj' Mu' ipaiid tipi>i>l in-Ion «.!’ |h;i:: kioI 
bogiui 1.0 1)0 oxciitod in Novt'inln-r, mid tin* inl.-i.- .i 

was incroasod tlio rollowiiij,' voar. |t. i>i ,.r 

history that on noithor ooi-iiHion wa-i Ihoio nnvtliini' N. 

answer oxpootalion ; a 1,‘ow bts.nidM iiidoeil uvro* ,’l,ui 

nothing whic.h by the ntmo.st ,itreh-h ot hnnrna.p' Id 
be doHeriI)ed an a groat Hliowor. '|’h.> rom.nn '..f Ho- 
failure ia niatl.i'i- rather of ooiijoeturo Mian ol' l.noivlodf-f', 
Dr. .loliuKtono Htonoy and Dr. D.»wning oon»Jd.'ring tliaf 
tile orbit of the nioteoi'H has b.'on ho far perlurbo.l (hat Mo' 

muiuHtroiuii now paHmvs ohmr or nearly o.l.-ar of Mu- oai I li ' n 
orbit. 

'I'lio A,ul|.<Hiu«l,m, 1,1.0 I 

...-o i„ ,.11 ,, 

thi, Loo„id.s. Tho r„.o„i,l ,a,|i„„| I 

on N, „l,o,. |,|. 

i„ 1^. 

... tha »„„U, wl„„. tl„. I ,.,.,li„,,.|, i, 

J.oon.a ...oiooro . 

...■0 .V0.7 «lo,v. Tl,„ T,o„„i,|„ I |,v M.,.,.. 

K>oon oolouv, U,,, 

- 


.. 1 ’ 

('» 
I'M;. ' 

Ml. 



MK'l’KOitM 


IHl 


Tlin 111 f.loi V Itt I lit! A 111 hdini'iii'S irt iin ucll liHIIWlI ItH lilulii 
ul' III)' i it’iMiii III. Wliilsi till* lalti'i' II |i|irnucli l.lio huh al 
llu'ir ii'i lu'iirly ii i I In' I'iu lli iIih'h, ami ri'aciln 

HitiiiiivvIiHl lii'Viuul tin* orliil III' (IriiiMiH at ii|i|iulioii, tiui 
A ti'lruMii'ili'a only ii'imli' nliuul linll-way iM'l.wnt'u llui nriiiUi 
III' .hi|.it.- r ainl Sal urn. 'I'lifir iirrintl l lioia'l'ort! la <uiii of 
lit, vinira aa iMiu|iai'i’tl wllli (In* lilt] uf llii' Iji’oniiln, tiiul 
(li<* I'nali'iit lilinwi'va I ha I. wn Imvi* liiul I'nuii (.ham in 
raci'ul yatUH liava luaii In iH'/li, 1SK;>, aihl 'I'lui 

hIuiwiT Ilf Novi'ImIii'C wV’, wati iiiia nf [MTultai' iularcat,, 

inasimirh aa il waa than <*laiirly raauijiiizail that, i.ho 
tiWiinu waa lUiiviiliC ahiui' tha aiinia oi'hil whiali hiul haon 
Iravallail hv tha loat aainat. of Itii'lu, Uia aiiiiial. whii'll 

iliviilail ililii I wii |i(ii I iniia in I >aaainhai', ii.n(l wliia.li 

haa naval- liaau aaan t>in<-o IHa'.!, whan il. ral.nnual, atlll in 
(wii |niil ioiifi. 

Whilal I ha I.atmiil almWi-’i' Ima haan I'allini' }.',nitlna,lly 
iaiar anil lalar in Ilia yaav, an llial. Novanihai- l^i ia now 

jiH ilala of niaviniuin, I ha A iiilrnniailau, or Hialiila uh limy 
ilia inililVaiaiilly i-alh'il, hava inovail from Novamhar liV l.o 
Nnvainhar tUt. 

In ahiu|i annlriail wilh tha ini|iiiranl. alnfliii}' of I ho 
linaitioii of tho I’oraaiil riiilianl. iluriiij' Mm niout.ha of 
July it ml AMK»al, rafarraJ lit nhovt*, haa haan a.nollmr 

fin*l, wliiah loiif' yaara of |iulian(. worlt Inivo oinililad 

Ml-, haiinin;.' to ilaiminalnita niniialy, Mm axiaianao of 
nnlianhi whiah do iml. ahiff, nMliiinf.a whii;]] omlnra for 
nuinv moiiMia lo|!;a|hai-. Haro waa ir tiiromimlanaa wliiirh 
imultl nol. Imvo haan u.ntiai|iiilad, wliiidi wiiii iiidaod in 
lliil'i'anl. aoiilntdiafitiii In Mm l.liaory of nmlcoi'it! moMon, 
nml whiah avail yal. roiniiiiiH wiMioul. any iidoi|nalo o.\(ilaMa- 
fitui. A'nl, oiia niiiKla td«uarvor, hy Hhimr |>iil.mimo and )mr- 
iiovannn:a, hiui drivan honm I ha uimx|ia(itod, inmx|daiinul, 
ii(muiin|?)y imiiOHHilth' fimt, ami aftur having hcon ion{' 

o 
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rejected even by experts, the fact of stationary radiants 
has at length received general recognition. 

Such a fact, unexampled in the liistory of astronomy, 
ought to make many a meteor hunter, l?or six thousand 
years men staved at meteors and learnt nothing, for sixty 
years they have studied them and learnt much, and half 
of what we know has been taught us in half that time 
by the efforts of a single observer. 

The following list of the principal meteor showers is 
reproduced from the Knoioledge Diary for 1902, p. 72, and 
will prove fully sufficient for the beginner. An ampler 
list is supplied by Mr. Denning, year by year, in the 
Oonipanion to the Observatory. 


Nnmo of Sliowor. 


(iiiadrantida ... 

* OygniiU 

“ hiiironids ... 
“ Sei'pentids .. 
P Leonids 
P Ui’.sids 
Lyrids 
’J Aqimrids 
•3 Pegnsids 

* Cepheids 

Porseids .... 
5 Aquavids 
Perseids 

Y Pegnsida 
P Piseiila 

V Aurigids 
Orionids 

i Oeminida ... 
? Tiiurids 
Leonids 

* Taurida 
Androme.fes ... 
Qemiiiids 


JRndinnt Point. 


n.A. 

Doc, 

0 


230 

+ 53 

295 

+ 63 

211 

+ 69 

236 

+ 11 

175 

+ 10 

161 

+ 68 

270 

+ 32 

338 

~ 2 

333 

+ 27 

335 

+ 67 

48 

+ 43 . 

339 

-12 

45 

+ 67 

6 

+ 10 

346 

+ 0 

78 

+ 42 

92 

+ 15 

106 

■ +23 

56 

+ 9 

160 

+ 23 

68 

+ 22 

25 

+ 43 

108 

+ 33 


Etiocii. 


Jan. 2 — 3. 

Jnn. 14—20. 

Fob. 1 — 4. 

Feb., 15— 20. 

Mar. 4-16. 

Mar. 24. 

Apr. 19—21. 

Apr, 29— May 0. 
May 29 - June 4. 
Juno 10—28. 

July 23— Aug. 10. 
July 25—31, 

Aug. 9—11. 

Aug. 26— Sopfc. 22.' 
Sept, 3—8. 

Sopt. 12— Oct. 2. 
Oct. 18-24. 

Oct. 14—29. 

Nov, 2—3. 

Nov. 13—16, • 

Nov. 20—28. 

Nov. 23—24. 

Dec. 1—14. 




oiiAi’'ri:ii Ti. 

Tiri'j ZoniAcAi, Lkiiit. 

Tun otirliosi, RngliHli dnscriptioii of Uio Zixliawil Light 
of which I know was given by Dr. Oliildroy at the 
011(1 of liiH “Britannia Ihicoiiioa,” pithliHlnul in BKIO. It 
irt (iH follows : — 

“Tlioni b a thin|T whirli I' iiiiihI; iuhmIh riKioiiojiftiitl lo the 
Olworviition of Mutlioniiifcicul Mvii, whioli is Llial in lAihriiarj/ and 
f(H’ a litblo i>orovo and a tittle aCtoi* tliat Aronlli (aa I liav(( obaorvod 
Hovdral Yoio'fl to^olluu') , about II in tlio IOviMiin){, wln*n (lie Twilight 
liuH alinoat (U'Koi'tud l.lio 1 forii^oti, you hIiiiII aiai a jtlaiiily (liHtau'tiiblo 
way of th (5 Tvviliglit atriking up lowarilH tlio oi* Hovoii Stara, 

and Hiioming (ilnnmt to toiK'li tlioni. It ia to ho obiU'riTrl any olcar 
Night. 'I'horo in no hikiU "Wbiy to bo obhorvod nl; any otlnn- tiino of 
tint Yoai* that I uau pcviioivtt, iioi* miy ollior Way al. thal- tinio to lo 
porooivod (hu'ling up nlsnwhoi-a. Ainl I boliov'o it liatli l>(ii!)i and will 
bo ooiiHtuntly vifltbhi at that limo of tin! Yoai'." 

■ TliiH description of the Zodiacal Light is (|ui(.o suffi- 
cioully accurate for our ordinary BugliHli ex|)erionco. 
Tn the tropics, however, it is seen fiii' more coxintaiitly, 
and attains a brilliancy and disliiictneHH of which we 
seldom have any oxainple hero. There, not only during 
Hpring, but more or b.'SH during the whole year, if the 
woHtern slcy bo watched after Hiinset, itH the twilight 
fades out,, it will bn hccii that the twilight which at 

0 2 
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first seemed to bo a pretty regular arch in the west, 
begins to show a tongue of somewhat greater brightness, 
which becomes clearer and clearer as tlie background 
of the sky around becomes darker, until at leugtli 

it stands out defined as a great nebulous patch of light, 
broadest and brightest near the horizon and fadingf 

gradually away to the right and left and towards it a 
apex. At its brightest part, and when best seen, it 
often much outshines the Milky Way ; by as much 
perhaps as a couple of magnitudes — that is to say, 
about six times ; i.e., it is as mucli brigliter than tho 
Milky Way as the latter is in excess of the average 
brightness of the sky. But such a degree of brightuoas 
is confined quite to the centre of tho light and to tho 

portion nearest the sun j its borders molt indefinitely 

away until they are no brighter than tlie background 
of the sky. 

The shape of the Zodiacal Light varies. It is broadest 
close to the horizon, where it may be as wide as 25° 
or even 30“, and tapers somewhat quickly at first. At 
60° or 70° from the sun, it has become much narrower, 
and its edges, so far as they can be discerned, are nearly 
parallel. 

It is easy to see why this beautiful and mysterious 
object is so much better seen in the tropics than in tho 
temperate zone. The twilight is so much more pro- 
longed in the latter ; and the Light is of so elusive a 
character that a three days’ old moon is sufficient to 
blot it out. It cauiiot, therefore, be seen here nearly 
so soon after sundown as in the tropics, partly because 
tho ecliptic, with which its axis nearly coincides, is 
lower in our skies than in equatorial regions, and 
paitly because our twibght is so much more prolonged. 



'I’lii': xohLU'.vii 1.1 auT. 


18.1 


II wi' liihn it thill- it is in»t until about an hour and a 
hull Ui two lioiii’H allor siiiiHot that wo oiui hco tho 
lii'dit in I hit) 1‘ouiilrv, Ihoii at tho oiul of Fohniai’V oi' 
Iho lii‘|.;iuniu!' ot Muivh wo ulmll havo tho |n>iiit of 
inlomnrlidti «)1 tlio oolintii; mul (>i|utitor u|nm tlio 
liitrizoii jiiHt iilioiil. tho tiiiin wIhui tins l.i^ht iu hi>jfinniii|.{ 

III hIiow iluoll. Auil, us (ho ai'o.oinpunyiu).; <liii|.;iuiu 



will mIiosv. tho ani';lt' whioli tlio oolii>tio. lualvou wilh 
tho iioi’i/iiii in };;rouloHt at this tiino of tho yoar ; so 
that tlio /iimIIui'u] lii['ht risoH up luoro ahrupl.'y iolo 
till' iity than at. iiiiy ol.hoi' tiiuo, and il-s Ininlitnous is 
Ihoiol’oro loast ulVoolod hy tho aliHoi’jitioii of tho lowost 
strain of our atinosploM'o. 

.Althoipdi iho /oidiiioal l.ight has hoon inoro or loss 
undor oh.iorvation for somo throo oontiirlos tlio ^'rout 
Kt'plor liaviu^ oarorully oh.sorvod it, with Iho rosult 
of oouviuoii^f hiniHolf that it was tho uiinoHjihoro of 
tho iiuU' Iho naturo of tini IViglit still roinaiiiH inoro 
or loss of a luysloi'y. \Vo do not know y<’t whothor it 
lion in tho piano of Mio ooliptio., or of tho aun's oipialor, 
or tiotwoiMi Iho two, or whothor ovon ils jdano may mil* 
(diifl tViini liiiio to tinio. It soonis to vuiy in hri^'lituoss, 
lioth iiorordiiiif to tho soason of tho year, and from ono 
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year to anotlior, but the dotorininations ol; its brij^'litnoss ar(i 
usually far too vague and rough for auy dclinito period to 
have been yet fixed for its changes, 

So that we have in the Zodiacal Light tho great 
anomaly of a vast astronomical object rerpiiring no 
observatory and no telescope for its observation ; and 
not only rerjuiriug uoue but permitting none; and yet 
to-day, when astronomy has lasted 6000 years, wo are 
still in ignorance of many of the most fnndamontal facts 
respecting it. 

This is due without doubt to the diflicultios which 
attend its observation. Not that those dilhcultieB are 
in the least, insuperable, but they are very I’oal. We will 
suppose that someone has noticed the Light for tho 
first time and desires to make a record of what lio 
sees. It at once strikes him that a nioro oyo- sketch of 
it is of very little good indeed j he must place it with 
respect to the stars. In all jrrobability most of those 
which would be naturally used to define tho outline of 
the Light are unfamiliar to him. Ho' has therefore to 
have recourse to the star-atlas. He painfully idontifios 
tho stars one by one, but each recourse to tho atlas, 
which must necessarily be examined in tho light, day, /Jos 
his eyes for his open-air work. He finds, tliorcforo, tlnit 
the process of I’ecording what he has seen is ik very 
slow and tedious one, and, dissatisfied with what ho has 
done, speedily gives up the work. So that it bap]}en8 
that the names of the men who have done really useful 
work in this field may be counted almost on the fingers 
of one hand. 

Yet this difficulty can be surmounted without imich 
trouble. First of all, as I have already said, he who 
would • become “ an astronomer without a telescope ” 
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iiHisI- Ifin-ii liiH slum. Tlniy fonn llid v(M’y iilp1m,liol. id' 
Him liinKMui'r wli’u-li lit! Inis In learn, ii.iiil a IH.Me l.rtmhle 
liere will Stum rt'imy it sell*, N*ixl,, I Ik* tUHiiiiilly 

el’ reel in I i 11 jc liis nlinerviitlonH in 11 le dark may I'o Kn|, 
evt'i- ill sevenil wiiyH. It. is imssilile In leiirii l.n wrilt* 
in IIh' (lurk willi snllleienl. eleiinn'sn, and sneli lil.l.le 
dnilijrs ns hiiviii}' sels nl' cardH |H'e)mn*(l, ruled wiUi ljii(!H 
innde liy dniwinu a iienknil’e uerns.s Dm liaek of life 
card, and enlliiitr it. |'arlly Iml. mil. enlirely llinm^di, 
will lie I'nund liel|dnl. Or Die nnin linnk may lie 

jilueeil sn Dial, the rays I'nun a rnliy |di(d(i|'ra|dili^ laiiiji''' 
may I'all u|>nii il. IT lliti eyes are eai'erully sereened 

t'rein Dm direel, lit'hl el’ Die lam[i, if. will lie rniiud Unit. 
Ill)* I'll}')! may he li|'lile(| u|) iinife Huirn!ionlly lev Dm 
)|inr|iese ef wriliun: wiDieiil. Dm HensiDveiU'im of Dm 
eye to Die I'aiiil. /tinlim'iil ({lew lM<in}{ mii(!li art'ecliid, IC 
a elmri. is neeihsl I’er enin|u)rinnn wil.h Dm sky Diis 

uiif'hl he maili* hy Iraiuii).' the imt.|) of Du' re({ien 
reijiiired rreiii seine Hlin’<all<iH eii a |iieee of Diin eard* 
heard and priidiinj' lillle holes I'er lln* sIiii'm. A hi.m)i 

etin he use*] hehind tlm eard I.e shew Diene, or a piece 
el' card painted wiDi Inmiiiens paint mi({Iil. he plaeisl 
nmh’rneaDi, II’ a lain}) is used, il. will prehahly lx* riniiiil 
a eniiveiui'ni'i* md h) put. file card in a verfieiil jnmiUeii 
hi'tore l.lm lamp, hiil In (mindrnef. simli a hex ini is sliown 
in Dm iieeonipitnyiii}.{ diii(i{i’ani. A ({lasH jdaln renitn Die 
top el’ lhi< hex', and upon Ihis Die eardheard aliir-ntap lii's. 
Williin Dm hex in a. relleeter el' while (‘ardheard, placed af 
an anyjie el' I.V hi Dm vm'lical, le relleel. Die li){:lil. of Dm 
lamp up le Die Hlar-niap. K a piece ef Iriteiip^ p>i'}«')' in 
new piniitsl down le llie lep ef Die hex, Dm 1il.De tteli'H 

* A rahy lienii i» iiMHiliiiai'il le) lltiH khnl Ih llm ciihIchI. ta promirc, 
ImiI. a l(im)i (if a (lm>)i fit'cca weiihl pmlmhly ho hiilha'. 
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repreaeuting the stars may still be seen, and the position 
of the Zodiacal Light, with respect to them, can easily bo 
drawn. The places of three or four of the principal stars 



Eio. 35.— Illumiunted Star Oliart. 


must be uuuked on the tmeing paper to soito as roforouco 
points when it is taken off the box. Many siinilai- dodges 
foi getting 0701 - this initial diffloultj irill suggest them- 
selves to those who seriously take up the work. 

But, It will bo objected, since the Zodiacal Liilit is 
seen so mnch better in the tropics tlnm here, whit in 
0 use of trying to observe it in England? There 
>s great use. Take for example one question, the 

question of its vanability in brightness from year to 

„ ^ could be as definitely determined 

tiom observations made in England as from those made 
any other single eonntry, A careful record year by 
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year for a torm of years of tbo number of clays wlion 
tho atmosphoi’ic conditions were favourable, and when 
llio Zodiacal Light was well seen, seen faintly, or not 
soon nt all, would soon show as to Avh ether there was 
any periodicity in its variation, and, if so, wdiethor it 
varied with tho snnspot cycle or not; just as HoErath 
Scdiwabe’tt record of the days when the sun was seen to 
1)0 free from spots in each year was quite as effective 
in doteriuiiiiiig tho sunspot variation and the leugtii of 
its period as oxaot ineasuroinents of the areas of all 
the spots would have been. In a certain sense our loss 
favourahlo position would servo as a kind of photoiuotor 
of tho brightness of tho Light, and our very liiiidmnco 
might transform itself into a help. 

U’hon, a more important point, observations in one 
latitude nloue are not sufliciont. Wo want to ascertain, 
cither what is the amount of parallax which the Light 
shows or else that it has no perceptible parallax at all. 
Then, tho degree to which its apparent outline is affected 
by alinosphoric absorption is oven more important, as 
otherwise wo cannot tell whether an apparent shift in 
its plane is real or not. For both these cufjuiriea it is 
necessary that observations should ho made in several 
distinct latitudes. 

Tho following are tho principal j^oiiits for observation 
in Zodiacal Light work. First of all, note tho character 
of the ovoning. The magnitude of the faintest stars 
visible ill tho west should he recorded. ^J’lio visibility 
of tho Milky Way, and the distinctness with which its 
rifts and streamers can ho made out, would be most 
nsofiil for eomparisoii. Tho evidonco must bo clear that 
there is no mist or dust veil to hinder ohsorvation, and 
hero, it may bo added, that tho dwellers in towns arc 
neccasarily too sovoroly handicapped to enter upon this 
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class of work. The smoky atmosphere and the tjlarc of 
street lights are fatal to so delicate a rosoar( 5 h. 

The Light itself should then claim attention. It will 
be perhaps easiest, first of all, to map out its oxtromo 
border, and this will often be best detected by lookijig a 
little way from the Liglit ; “ partially averted , vision ** 
having a distinct advantage for very faint objects. The 
position of the apex of the Light is very important, and 
in the spring of the year it shonld bo esjiecially noted 
whether the Light can be definitely traced beyond the 
Pleiades. There can be no doubt that that group docs seem 
to exercise a strong attractive influoiico upon tho Zodiacfil 
Light, probably apparent only, but on that account the 
exact position of the apex relative to the cluster is worthy 
of the very strictest attention. 

The outline having been laid down, and the apex of the 
Light having been fixed as carefully as possible, the axis 
of the Light may next be located, and this should bo done 
independently of the charting of tho border which has 
just been finished. Several observers see a mtirkod differ- 


ence between the inner and outer portions of tho Light. 
If such a difference seems to be siifiiciently clear, then the 
outlines of both should be mapped down. 

The Pev, George Jones, whose observations made in the 
year 1853-5, when Chaplain of the United States steam- 
frigate “Mississippi,” are classic, not only always dis- 
criminated between the inner brighter part of the Zodiacal 
Cone, which he termed the “ Stronger Light,” and the 
fainter outlying portion, which he called the “Diffuse 
laght,” but not infrequently noted close to tho horizon 
a region brighter than the Stronger Light, to which ho 
generally refers as the ” Effulgence whilst he sometiraos 
saw the sky outside the Diffuse Light as “ slightly paled,” 
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art il Mu' I)il1un(( wa,rt tamUimod furllioi’ in !i niui’.li 

tiion' a.|.| PI nulled defame. Thorn wi'iv no h1iiU'|> liimiidary 
1 inert hft.weim ihorto dilTon.'iil. intoiirtitioH ol* liiJ'lit ; " Uin 
Xlroiippi’ Idf'hl |)aHK(>d hy dnjrroort inl.o |,lio ’Diiriino, niiil lln) 
laMcr idrti) j'nidnally I'lided iiwiiy. Yoli llun'o wiiH in llio 
loniii'r ciirto a linu id* ('n‘a.lor Huddi'imortH id' (■nMiHitiim,” 
wlilidi nmid lin iimdo out wililnmt nuudi imiioiilly ; a.nd 
Hti iijjain ill ilH dofjfroii wil.li tho oulnr iKiiiiidury ol* l.lio 
Id I rune l.i},';ld. 

TliiK divirtioii <d’ Irlio laj'lit. iiil,o two, or ovoii I'oiir roj^ioiiHf 
irt an fi.|i|iro\iiimli(m to (In; niotliod ol! (di.iorvji.tion rrooiii- 
Iiiendod hy IVol'. Artlinr Hoiirlo, vi/.., Iho niollioil of 
I onloiirdiiKiH. TIh' lallor tlio lM*^;innor will [indnildy llinl 
dillliMill. lit llrwl., Ihoiiijfli it ia a morn truly noiimtilio 
niodo of oliHiirvatioii. In thiH mnthoil a. portion o1“ tlio nky 
Ol’ o| ilio Milky Way ih takou as a utamlai’il ol’ In’ifjcldiioHH, 
and a lino in drawn to ro|)rnsnnt as nnarly iia poHnililn tlii; 
lionilioiiH wlinro tlio /aaliaml l<i|flit in o(|iml in thia Hlnmlard, 
'I’liirt ia Work wliioli unndH munli praotioo, Tor it- ia mil, 
|iorthilito lo dnlorininn Uio poaition ol' a liltlo pinno ol tlio 
liiH*, llani look away in ordnr to ma.rlc it, down on tlio 
I’liiirt, and tlion look back at tlio aky to [.{ol, tlio next, inciai. 
d'lio cyo will lU'ud timo for rmiovory aftor ouoli tnrninij to 
the chart, lint wlion oiico HOmo Hkill in tlio work Iiiim iiacu 
ui’i|nircd, tlio iiiiddiod of oontuiir-HiioH will bo found tiio 
mortl valiiablo. Tlio oxiromo ouilino ol tho l.if'ht is in a. 
Hi'iiHc a contour-linn, iik it ma-rkrt tho poaittoii ol tlio faiulcHt 
{)orcc|itiblo 1 ip'll t ; lint tho axirt will not Im a, isnitoiir-lino, 
for thon).'li it jim,rl(H tho linn of ^roatoHl, lirlj^litiioHH, yol, 
tho axirt in far lirijjjhtor near tho Him tliiui at ti. p*''*'*'*^ 
dirtlaiico from it, Wlioro tho inothod of ocmtonr-litioH ia 
followed, it rthoiihl not bo coufimod by linoH drawn on a 
(lifToroiit plan, 

Mortido tho Zorliaciil Li(,dit- propur, or tlio “ Viodiacal 
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Gone,” as it has beoii called fi’oiu its shape, two other 
related pheuoiiKMUi sliould bo looked for iii the uoighbour- 
hood of tho Gcliptic, Otic of those, a faint diffnsod lij^ht 
which travels throuf^h tho heavens in o])positioii to t.ho 
sun. has boon called on that account tho “ Glet'onschoin ” 
or “ Counterblow.” It is soinowhat elliptical in shapt), and 
about 7° in breadth. Tho centre and boundaries of the 
Countorglow should bo lixed with reCoreuco to noighboni'inb 
stars as nearly as possible whenever the plnmonH'non is 
seen, but its extreme faiutnoas renders it a didicult object 
to find at first ; thoiigh once rocobuisod, its jiosition may 
be follosvcd with some dogroo of certainty. It attains its 
greatest altitude at midnight at the winter solslics;, but 
cannot be observed then as it is interforod with by tho 
Galaxy. The end of .Taiiimry or boginuing of Foliriiary is a 
more favourable season, as it is thou passing through the 
dull region of Cancer. 

Tho ” Zodiacal Baud ” is a fainter phonomoiioii still, and 
much fainter than tho Milky Way. It is a broad bolt lying 
along the ecliptic, and forming a prolongation of tho Zodiacal 
Cone. The Gegensclieiu is its brightest portion. 

Besides these there appear to bo very faint pormtimnl- 
bands on or near the ecliptic, due to linos of very small 
stars. One such band is noted by Prof. Arthur 8earlo as 
having a breadth of about 2” or 8°, and lying south of 
Beta and Eta Virginis, and o.xtending from thorn nearly 
to Spica. 

Morning observations of tho Zodiacal Light are oven 
more needed than the ovoniiig, for much fewer aro made 
of tho western than of tho eastorn branch, and ilm one 
series is requisite to complete the othor. Eor reasons 
analogous to those given above with respect to the eastern 
or evening branch, tho end of October is tho best time for 
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loa 


loolsiuj' lur llio \vi'K<i'rn or taoniinj' hnnn'li. Ah a l.lirni!- 
<iuY <>)il iitooii is sulliritoit. lo liill Mio Itoiii ‘M.]io 

liiirk nf tho moon” to iioar tlio roll in Uio tino' fur wiilohiiif' 
tlio oiuroioi' lii'iirOoli ; fruin a liitli* allio' llu; foil i.o Uvo 
tlayn uflio’ now rnuuii for wuli'liiiiff Uh' i'voiiitiff l)ra.m;li. 
'I'lio (|m'Hliou iiH lu whi'llirr l-lii' niooii I'a.uws iuiy variation 
lo lliu '/uiliacal la^'lit Ih aloiuat ini iioiopcrnlilo toio, an tlio 
o|i])oi*l ouilioH f(0' oliacrvini' it (!liaO|.^o with llio |»ro),(n:HH »(f 
tlio luoatiuo. watch for tlio Lh'lit ahnuhl (.h<>roforo 

he alwayn an ilooi of the pruM, nnonio for a tolal oclipHo of 
the oiooo, 

'I'lio K'ov. doto’fp' Joio'H foond tioit the moon ilwolf waa 
accoiupaiiicil by a. atoall plow aiialo|pO)H io u|)|ioaran('o to 
llu! /otiiacal l<i|,dit> 'I'liia ho fooial ahoohl ho lookod fora 
very few loiouit'a hefon^ oiooiiriao a t I ho foil of tho niooo, 
at timoa whoii tho ccliplio oiakoa a hi^jh aipjlo with llio 
hori/.oii ; i.c., in l''ohroarv aiol Mureh. Hoahle Ihia " lauiar 
/lOiVoK'al l/l|'ht " lio uoticial on two oceanionH, when tho 
OIOOO waa ill lior iii'Kl. (|iiai'tor, a.oil i‘oiiao<|Oeiil]y atill hi)^;li 
ill till' aliy al. aondowii, a “ litioi-iiolar /lodiaiail la^'lit** duo 
lo iho joint iiction of both aiui and moon ; a Itriidd) atroali 
of light, that in lo aa.y, lying along tho ecliptic, and viaiblo 
<000 iu tlui iiiooiilight. 'I'ho moon on om> <d' IIioho oocaHioim 
waH 't'," Houth <d' Iho ecliptic, hot thia ati'iMik of llgiit lay 
along Iho ccliplm, pointing not to tho moon, but to oiui 
nido of it. 

Huch ajipoaranoi'H m-od ciiroftilly looliiitg for, ainl if wm-ii, 
tlio moat aiabiloiiH atlontion, to oiinhlo tho olmarvor to bo 
HOi'o that ho ia not being led away by innigdnatioii or by 
Homn ]Mii‘<‘ly local olToct, ijnito ilificonnecioil from tin? aotual 
Zodiacal bight. Ho, too, tlio pulHiitiona noticed by Itinnboldl, 
.lonoH, and othora alioiild bo walched for. The lattor wriUm 
of tloMn very conlidi'nlly, and ia convinced that they are not 
a niero jiliyHiologieal offi'ct. lie doHcnht'H thoiu llinH;~"*'Tho 
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v,huti|.'')'h wcm II. Hwnlliii}^' onl. lii.l.cnilly lunl ii|»\vinils nf Un*. 
Zoiliiirii,l I jii'lil', wit.h nil Imn'i'iist' (tf liriu'lil.inMii in I ho lii|>hl. 
ilHoll’ ; Mil'll, in ii, Cow niiniifi'H, ii jilninliiiif^ hiiol; ol’ ilio 
ljuiiniliirii'n, ivnd it, iliiiiniiiij< nf tlio hii'l'l ; Mn- lii(.(i'r (u siii'li 
It. (h'^rro iiH lo ji.|>)K‘iir, 111 . Ml II I * 11 , iiji il' it Wiin i|iiili' 'lyiiit;; 
li.wiiV ; lunl Kii l»ii.i!l» ii.inl rnrl li Inr tihonl. I lin*t>.i(ti[irl(*i>i id' 
ail Inmr; anil l.lum a, I'.liaiiifo nlill liijiln*!' ii|»\vin<in, (n fiiun* 
)K!riiiainMil. ImhiiuIh.” 

'I'lu! Ih'hI. uMiih for tin* si. inly ol’ Him '/nilijicnl IiiiM'l is t in* 
‘‘Alias { lii'll'slis l'lMli|ilit'lln " ol’ Hois, |>iihti‘.|n'i| nl ( 'i i|<*;<,iio 
ill 1H7H, anti itoiilaiiiiii*; I. In* /oiliai'iil titar!i in i*i|’;lil. i-liiii'l!i, 

drawn to ov(*rlii|) Mat'll itllntr with'ly, 'I’liiii iiHiih is nol. lo 
liM MimfouiitlMtl wil.li Hi'is’s I'Miionil .■•ifiir-iiiliiii. Iln* "AHms 

(jndosiis Ntn'iis." 'I'lm ]iosilioilM ol tin* liori/.oii^liin'it I'or 
dilTMi'Miil. Ihiit'S ainl lalit.iidt*s nro iiiiirlit'd on Iln* lioi'dt*rs oj' 
l.liM fliarls, wldcli will ho round a [fi’t'al i'onvi*nii'iii'('. 

Kt'fii iiyMsi^jlil,, j)alii*ii('t!, ainl a sinall tiliir iil Ins arc, it will 
III* Ki'i'ii, nil Him M<[ni{)inMnl. Itial- is ri'i|iiirMd i'or Zodiuial 

Tjij'lil. worlv. 'I’liM ilM,sMri|i|.ioii ti! Iln* work ninv iioi nconi 
inviliiif.*;, ynl. wlioii oiicti i|. is Iii.Kmii m|i, (In* hiolvin;*; I'or Ihal 
slraii^^M, liMaiilil'iil, ytil. faiiil. ainl clusivi* j^dow will he lonnd 
I'ull oL’ inttinml., ainl Iln* nion* ils pcriiliaril ics arc rolloui'd 
n|i, Mil* iiioi'M will Him si'iist* til' it-s niytilMrioUMin',‘,;i lit* l••illi.'.l•l| . 
ainl Mit* i^rMali*!' will lui Him dnsiri* to I'oiilrilsilt* tionn*lliini>; 

wliitdi may MS|»lain its acMrcl,. 



A uitoitj;. 


Tim: !<tntlv ut' mnoni* linn hiikIi* rontiidmiMy imdio 
l imn llmi nl' I hr '/iMliiicul , iiinl hcvithlI nU'ikin;' 

I’drls rrlnliiiK In llii'iil liiivo iiln'iidy n'lH’ivnl milliriMiil. 
ilmnuiml riiiioii. 

Thr junnls whifh Imvo Ihm-u rntiililhilicil an* of f'rciU. 
iiu|miiuin-i'. l''iinl. (tf nil, \vr Know I linl. Ilnni|<)i, nlrirl ly 
HjM'iiKini', inrlrorolo|d(‘iil |)ln>nninrint, n.uninr Inivo n (’hmti 
iihl rononih’iil runnciM Ion. 'I'liov viirv in niiiiilior im oh- 
nofvtMl in uiiy j'lvon lornlily in ii.( ftniliiin'o wil.li tJio 
HUini|ni|. ryclo. Moi'o limn llml, iln‘y nr<* t*vi<loii|.|y in 
Min cIomchI. HviujmMiy wit h I ho (Mhi nrhinn im whinh laKn 
ill foi’rn.-ilriiil nmjfiinl.imn. Thoy iiro iminKirnlly inni- 
onmu'i’onl. in i'!i|olninl ni Min HUinipoK niiiiiiniini, hul, 
Ix'i'oiiin morn rrn<|iimiK tm i<nnH]iola hniroinn niorn iiiininronh), 
miinhiii}' ii umviiiinin ahoiil Mm linn* oT Ihn {'rnal.nuK nolar 
iiirlivify. 

Aui'onit ohnnrvaKioii (InnmmlH, lioniilo I'ornt ovnui^'lil,, 
im olmt'i'viii)f nhiMon rnmolo I'rom Ihn I'larn ol' l.owim 
amt iii'lifinial lit'lilH, 'Ihn niorimi lu't^ nommoti niioit|'h oi' 
iiro oiiftiiinM liniiiK Minimi oiil. In tjummh an aiii'oiu, and, 
on Min oMini* Iniinl, il. Iiiim nnl. Holdoni hiip^innnd Miat> 
a vary miimlaiin noitltii}'ralioii him iiimund mimUtf ror a 
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“celestial display.” “In the Meniou’s of Bavon Stoclcmai* 
an amusing ' anecdote is related of one Herr von 
Radowitz, who was given to mating the most of easily 
picted up information. A friend of the Barons wont 
to an evening party near Frankfort, where he expected 
to meet Herr von Radowitz. On his way lie saw a 
harn burning, stopped his carriage, assisted the people, 

■•and waited till the flames were nearly extinguished. 
IVlien he arrived at his friend’s house he found Herr 
von Radowitz, who had previously taken the party to , ■ f 
the top of the building to see an aurora., dilating 
on terrestrial magnetism, electricity, and so forth. ,,-j} 
■ft Radowitz asked Stockmar’s friend, ‘Have yon seen tho 
beautiful Aurora Borealis?’ He rejdiod, ‘Certainly, 
was there myself ; it will soon he over.’ An explanation 
followed as to the harn on fire. Radowitz was sileijtUJ; 
some ten minutes, then he took up his hat, and quietly;.' 
disappeared,” 

Q-ranted the suitable position tho most important con- 


sideration for the student of aurorce to bear in mind 
is the absolute necessity for keeping as systematic a, 
watch as possible. Tho general agreement between the 
cycles of sunspots, of magnetic variation and of aurprcQ J 
is clearly established, but there are many quostioosij'j';,-;; 
'^arising as to the connection between their minor 
■Si tuations. Kow the observation of tho magnetic elom^nte ■ 

/ is , perfectly continuous. Self-recording magnets a¥0 
aft' many ' c1:iservutories^'" wd supply As; 

'^(^'tpui wilM'^ register. Ottr "iraodii'tt !' bf 

'^It^tb'l’of the sun’s mxrfnco is practically oontiniious' 'ftso, f ] 
from ' the. mture of the ‘ c 


.pi 


esented in the same manner. ’ The ohroniolq Is'.; brokeri: 






( r 













AUKOILK. 


197 


by tlio diffovoiuui iu of darkut'HH botwoaii winiior 

tuid Huuimov. h; in diflionlt to oxpn^HH om* 

auroral olworvatious on a porfrr-tly uiufi»rni uumorical 
Hcahi. Olio year may liavo a poor vooortl, infclior InsoauHO 
aurojin woro actually ran;, or InjcaUHo tlio olworvor wan 
ronuHa or tho wcathor imforLimato. Aiiothor year may 
l)r(!Hont a fallaciouH appiairam^o of almndauco aimply bocauHo 
tho oliHorvor waa more dili^ont or morn lucky in tho 
circumatamum of hU obaorvatioim. In a word, tho aucidoiital 
orrora of tho work arc lai'Ko, and it thorol’oro hocomoa tho 
flrsfc duty of the atudout to kooji Ida own ]terHoui\,l part iu 
tho mattor aa ayatomatic and aa froo from accidont hr ho 
can. 

This is tho firat oaHontial, and tho olmorvor thoroCoro 
should draw up a achomo for hiniHolf for tho oxaminatiuu 
of tho sky at cortaiu dolluito hours, and for cortaiu fixed 
intorvals, to which ho should adhoro with tho groaloat 
possiblo regularity. Thoro is no uood for him to mako 
any groat inroad into tho ordinary hours of rest, as tho 
motcorio obsorvor must <lo, or that his watches should bo 
very prolonged. It will bo suillciont if they nro porfoctly 
regular. 

It is nuioh to be dusirod that auroral obsorvors should 
bo scattered as widoly as possible, that wo may bo able 
to present not merely the auroral conditions for a single 
place, but for the entire planet. It has already boon dis- 
covered that aurorw are most frequunt in two '/ones, one in 
tho northern and one iu the sou them hemisphere, and that 
those zones shift their position with tho progress of the 
oyolo. In mid-latitudes, as iu England, aurorio arc most 
froqiiont at the time of the sunspot maximum. They 
roVlro polewards as tho sunspot froquonoy dooliuos, and 
avo most frequent iu high latitudes at the sunspot 
miiumum. Tho place of the obsorvor, therefore, is not a 
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luiittor oE iiidifEovonco. A hrohm r.sfun’d in I'hif'liiiul 
cannot bo pioccil ont by (tbHorvaUoiiH in Ibo SlnjUinulM t»r in 
Icolaiul. 

But tins valno i*f a ro^nlar HyHloni of nbHtn’vatiniiH 
carried (m at a Hin^lo Hlatimi Enr many Hwmnmvo, yearn 
ia very great, and wti cannot have too many olmervora in tho 
Hold. 

Anrorm difEer ho widely in llioir ebaraclor, lliat Home 
Bort oC analyaiH of ilunr l(;ading forma ia noiairiaary in mder 
to impart dolinitonosa to recorda of thorn. 'I'lm loIlowiiiK 
achomo ia duo to tlie late Mr. J. Hand Clapron, I‘'.u.a.h,, ol 
Guild ford*' 

1. 'Tho rIow miiy l)o oilhm* entire or in |mtithoB, uml .yellow, red. 
grocn or while, aa the ease may he, or with thoHu eolenrs iiuii)ded. 

a. An are or ares, Hoinotiiiuis vertieally, or miilti|)le horizouluU.v, 
forming a low how or howa ujion the horizon. 

3. An evenly dark apace hotweon the are and the horizon, enii" 
aiderahly darker then the sky above the how. 

4, IlrighI; raya, atreainera, or cornHoaiioiis, (Mintinmma or in groiijm, 
alnvlin}» IVoni above, and Hometiiium below, the arc. 

fi. Transvorao, horizontal (ov msarly ho) streiunerH, or ruyn, l•n^f<llinn 
those thrown out from the are. 

(I, Apart from the arc, Htreuiners, or ra.vH delaehed, or in (p-oiipH 
horizontal or vortical, whioli latter, sprinRing from 1C. and W., Home* 
times form aridies unitiii{| in a luminoiiH point or riiiK, calk'd the 
corona (ofOoct of perspective). 

Aftoi’ the more fiictoC iin anroriil diHphty hiifjbc.oii rccordi'd, 
tlio following dotailH Hliould bo nolod :~~- 

1. T’ho timo and duration of Ibo iinrora, 

2, Tho poBitiou and oxtont of Urn glow. 

51. Tlio poHition, lioighb, and breadth of tho arc or avcH. 

4. The HtrcamorH or bright raya should ho oataloguod, 


* Aslroitomy for Amateurs, p, 3.12, 
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as to tlioir {^onoral appeariinoo, positions, long-th, ainl as to 
wh(>tlior tlioy aro curvod tn' straif'lit. 

T). 'L’lio iioloui’H l.hrouj'hoiit tho aurora should ho noted. 

tJ. Aliy movoments oE the slreaniors and tho direidion oE 
suoh niovonnMits, 

7. 'J’ho direction and spinal uE iiulsations and thoir 
oliiUMiiter ; ivliothor they are ruiiniii[^ shoots of eonlinuons 
lij'lit, or liner jiatehos, whioli hoeonio nioro liiniiiious in rapid 
HueooHsion, 

H. IE tlio aurora is soon ilurinfj a calm, sounds shonhl ho 
listonod Cor, and iC suspected, tho ohsorvor should lie most 
particular to ascertain if possihle wliother tlioy can he due to 
any cansns in his immediato noiglihourhood. 

An important detail in auroral worlc is tho fixini^ of tho 
position oE some specially hri{jfht point from two or thnni 
fairly distant stations with a view to tho ilotormination of ils 
hoi},'ht. This can obviously ho host donO hy roforenoo to 
the stars if many of those aro visihlo at tho time. It 
would, however, ho well to have iit hand some rouffh and 
nnidy nioaiis for ohlainiup; tlio altitude and azimuth of any 
j^iviMi point, and Cor this it would ho easy to inako a sort of 
rmif^li wooden theodolite or altazimuth, with a har carrying 
a hig easily-seen pair of sights upon it instead of the 
l.oles(! 0 |)e. Ah the auroral Hashes eome and go so ijuicldy 
tho time of any suidi dotonnination must he taken witli 
ji'alouH exaidiiesH. 

'I’lie rough altazimuth doscriliod on Jiagos 1!10 and l!)l, 
and shown in the diagram on page would, serve very 
well Cor this work', Imt tho pinhole tube should ho replaced 
liy a tube specJally designed for auroral work. Tlie eyo-oud 
of the lube sliould he closed with a cap, in tho i.ientre of 
which is a hole about half an inch in diameter; the ohjeet- 
end of the tulie should ho not less than one-fourth tlie length 
of the tube in diameter, and it should he crossed hy two 

V 2 



200 AHTUONOMU’Ali OU^iKH V A TK •Nii WlilhU 1 A 

TI'.I.KMJ’dI'K. 

wivoH iili ’r!n’ wir.'! 

1)0 11 x 0)1 ill II oolliir 0 " lliol I lii’ V ••■m I mu m lii*' 

lubo, )UHl tho l•ollllr illlOIlM )><■ «livi<li'tl r j ... Ih.il 


A 


-'rilin' flH' nllBI'l'V III toll of AitVOl'ir. 

A, t. Ill lit ( II, iifiiii!i wil't'ji III. iilili'i't .iilitl I I', i;H"ll''''"‘l iltili’ ■'! "I.Jr. f mil. |i, 
iiyO-Unlll ) I'l, |{VililiUll''il iui'i!li' 111 I’J" t’li'l ) I', illiiii'’ii;il lull >. II ill liilm, 

tlio jioHilioii aiij(lo of till' wiftni nmy bo iimiI «>ll. Au tnn.tiio 
l‘roi]uoalily ul.lain |,i;ioal. Iu'i|;lil:i, jtH:i!iiii|' I'V.-ii lluoiioli ilo" 
zoiiiUi, il in a ilocitloil iiii|trovi<iii(<ul. if, iio.l'Mtl "I' 

Uio oyo'liolo ill Uio axis oi' l)i<< lull", a mumII niiiiin jo 
iiil/roiluc.oil and llxoil ai an nnid>' ol' -l.’i so mt lo t' ilorl iId- 
lij'lii ol' llio aurora u]> lo a liolo in l|ii< hIiIo of ili<< htl'o in 
llio iiianiior ol’ a. dii 4 (i)na.l oy)‘<|)ii>ri'. 'I'lio oyo.tiolo inol fli<< 
niirror ini{'lii. alao lui niiulo In rovnlvi', mid in tliij> r.i'.o llo- 
oyo-ond iiIho kIiouIiI l>o niario'd willi d<<j.p‘i*o!i, in llii< ininiio-r 
ol’ a poHiUiai oirclo, 

Tim valim ol* liavii4t; tioiim nmiiiiii ahvaya at liaiid, lonv 
ovor roui'li, lor dot.i’i'iniiiiiii' I ho iiooilinn of an miioral 
1)011114 iogoMmr willi llm imod I'or i’\a.i'l Mosii III jjiviii!' 
I, 111 ) l.iiim oC tho oliaorvalion, wan wall illiinliatoil I*v ih*' 
muarldililo auroral hoam ol’ iHHv!, Novotiilior 1 '/. A 
I^Toal. HUiiHpot, tho lari'ont viaildo for I'lovon V"'ai'<i| wan 
neiirinjj tlio oontral inoridian of dm uohir dim-, Th,. 
ina|.'UotH, wliiiili had Imca iiimiiny from Mm tinio ,,f 
I’lrat ajipoaraimo of tiin H|Mit at llm oant liiiih. to 

bo Hoizod willi tho moat violmit oonviili.ioiui alMiiii. twi 
lioura hol'oro noon on tim 17 th, llm diatmhimi •* hiiliiii; 
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(.ill (! o’c)o(!lv t-lio rollowiii}^’ inoviiin^. “ Strong (iiirtli 
cnrrinil.H iiIho <)l»Horv<!<l ul. all tlio of )Mtignoi.L(i 

(liH(,ui'liiiiu‘(i, varying in ningiiil.inlo with tin) iiilDiiwiy of 
till) magiiotii) changivs, ilimI (ho inoHt violoiit Diootric Hloriu 
roiionloil for iiioro tlian lliirty yoarn nwopt nvor l<]iiropo 
ainl AniDrica.” In Hym|iiithy with IjIioho nitinifeHlatioiiH 
a sn)ii)rli ann)i'a.l tliH|)]a.y Avas wlinoaHial on Iho ovoning 
of till) 17(li, 1ml. by far tlio niont niiHino ami Htriking 
phononiimon <>nmrrial “at. aliout (1 ]).in., wlum a bright 
boani of light I'ohd from tlio oaatDru liori/.on and paHsod 
majoKlically aoroaa tho aky in innoh l.ho Hiiino niavinor na 
any ordinary roloHtial liody niiglit ilo, but with Hovoral 

hundrad tinioH (hair ra|n(lil-y.’' Homo twoul.y-aix oliKor- 
vatioiiH of till) phononionon woro oollnotod togol-hor by Mr. 
h'and (/apron, htil' moat of I'Iioho worn vary in()o]n])li'li), 
and I hair diHimssioii was tliarafora att;aiidad wil-li miiali 
didlanlty ; ya(/, ini]ii>rfaat aa Iho obHorvatioiiH Avaro, tlioy 
HiK'niad to ahow with aoiiHidarabla proliubilily that tlia 
haight of tha boam was III!! inilas, and its siiaad about 
lO niilas par Haaond. Tho diraation of its flight was 
from oast (o was!, magnolia, not gaographiaal. Had thraa 
or four of Iho olisoi'vai’H but poKsassod soino Hiniplu 

maans for inaamiring tho haight of tho I)aa.in at its 

anlmination and tho ii/ininths of its rising and Hotting, 
tha praaisLon of tliosn aoiialnHioiiH wonUl hii.vo hoon gnailly 
inaraasad. 

Till) Hama l•.harts tlmt lira iisofnl for niolaor ohsorva" 
tions may vary aoiivoniantly lio iisad for aurora), tbo 
pimitions of l.hi> slroainars or of tho auroral orowu hoing 
skalaliad in with raforanaa to tho stars, Xn all tlio work 
tha first thing to bo aiinad at is to nmko iho roaord 
as dolinito as poSHihlo. It is lioro tliat tho di/IIonlty of 
auroral obsi'rvatiou is most fait, Tlioy aro haautil'nl and 
iinproHsivij an spacluclas, and tho Htiidont will iiood no 
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iustructiou iu tho propariitioii of liis gominil dosoriptioim. 
But to pick out tho particular pheiioinona to which tho 
desirable amount oC defiuitonoss t;an bo ascribed will roquiru 
practice. 

From time to time curious beams of light iinj soon in tho 
sky, tho exact nature of which it is dilluiult to detormino. 
Thus on March 4th, 189(1, a curious light was 8C(ni stretching 
up from tho hori'/iou towards tho l.’loiades, whl<!h some 
observers wore inclined to rogar<l as auroral, some as the 
Zodiacal Light, and some actually regarded as being connitary. 
The fact that an umnistakablo aurora was seen the same 
evening pointed strongly in favour of the auroral theory. 
On the other hand, as its direction coincided nearly if not. 
precisely with that of tho axis of tho Zodia(;al Light, and as 
similar beams have l)een seen in tho same position on otlnu’ 
occasions, the question cannot ho regarded as absolutely 
decided. It would be a matter of tho highest interest could 
it bo showm that certain dofinito regions of the heavens wore 
subject to recurrent Hashes, and a (farofnl eolliition of 
observations made at wiclely-soparated stations would soon 
settle as to whothor wo should regard them as auroral or 
zodiacal, and could not fail to iueroaso our comprolumsion of 
one or the other phonomouou. 



OH AFTER IV. 


'Tuk Milky Way. 

Tun abort nights of inidsuniinor <lo not in goiioml give 
niucU opportunity to tho astronoinov. But in Huniinor and 
autumn tho mosb wondorCul ol! all coloatial objocts abrctehos 
itsoH across oiu* English zcni.th and sweeps downwards to 
oitlior hori'/.ou. This is that 

“ Jh'oail ftiiil ample roiul wlioso <lu»t is golil 
And pavomonfc Btam, as atavH tlioo appear, 

Soon in Uio (lalaxy, tliat Milky Way, 

‘W’liioh nigliUy as a eiroliug zeno tliou Bftosfc 
I’owilored with stars.” 

Its swoop at midnight in mid-July ia from tlw novth- 
eaatorii hori'/.ou whore tho constollation Auriga is just 
rising, througli Persons and Oiissioxmia on to Oyguus 
in tho zenith } dcsconding again on tho other nido 
through Atiuila, Sorpons, Sagittarius, and Scorpio to 
th(3 horizon in tho south-westr It continuos to cross 
‘ tho zouith at midnight until mid-I>ocoinbor, when 
it swoops upwards from tlio soubh-eastorn horizon in 
Argo, botwoon Orion and CJomiiu to tho zonitli now 
nnu’lcod hy tho constollatioii Auriga ; from whonoc it 
passes downwards through Persona and Cassiopeia to 
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tlio norbh-weat horizon whore the oonstollatioii Cyguus 
is setting. 

'i’ho Claliixy is no inotlorn diseovory. Ptoloiuy of 
Aloxiiiulriii Ims hiuulod down to us a very full mid 
proeiso doHoviption of it, and it has caught the attention 
and stirred the imagination of races even as savage 
as th(5 Australian black fellows. It has boon thought 
of as the roadway of the Gods by which they 
passed from their lialls of ctorual light, when they 
wished to visit this nether world of ours ; or it is 
“ Dio Jakobsstrasse,” tho mystic ladder which tho patriarch 
saw in Ins dream at Botliol, up and down which tho 
angels moved. 

Ptolemy and tho Greek astronomers had recognised 
two leading facts coiieorning it. One, that it marked 
out a zone in tlio sky, tho centre of whic-h was nearly a 
groat circle ; tho other, that it w'as not equal and 
rogular everywhere, hut viiried in different regions, in 
breadtli, in brightness, in colour, in distiiictnoss, and 
ospcclally that in some idacos it broke up into two 
distinct streams. So much therefore was known alanit 
it long before tho invention of the telescope, and 
though it gives to our greatest tolescopos tlieir most 
gorgeous starfields, though in some portions ,it still 
dofioH tho efforts of our most powerful inatruineuta 
fully to resolve it, though its characteristic formations 
are only l)rought out wliou we are dealing with stars 
far fainter than can bo Individually detcotod by tin; un- 
aklod flight;, yet tlio Milky Way as a whole is ossontially 
a nakod-oyc object, 

Tho dwcdlors in cities and towns, smolco-veilcd and 
llnriiig wilili arc lamps or incandoscout lights, must 
abandon all hope of a really intimate knowledge with 
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the delicate structure of the Milky Way. But tliere are 
many and many stations in this our island — ^lone country 
houses, little villages — U|Don -which the stars of tlio short 
dark summer night -will shine down like silver’ points 
set in chony. The faint twilight, visible all night long 
above the northern lioriKon, will not interfere with the 
darkness of the zenith and the south. The evasive moon 
recognizes that the season belongs of right to ber more 
powerful brother, and either does not show herself at all, 
or timidly skirts the south ns if anxious to escape notice. 
So though the summer hours of darkness are so few, sufH- 
ciont of them may bo utilized for so delicate a study ns that 
of the Milky Way. 

As the year advances the opportunities for the work 
increase. The nights lengthen and the Galaxy still crosses 
the zenith at midnight until December is far advanced. 
It is thonjforo very favourably placed for observation at 
almost any hour of tho night during tho months from 
August to Novombor inclusive, and as we enter the now 
year the evening hours may still be devoted to it, though 
it passes into a le.ss favourable position for tho small hours 
of the morning. Tho worst time of the year for its obser- 
vation is midnight at tho end qf March, and by consequoiico 
tho late evening Jio\irs of April and May, and tho early 
morJiiiigs of February and March. 

Tho reason why it is so pre-ominently a naked -eye 
object is easily scon. Tho field even of a comet-seeker 
or any otker tolescopo of wide field and low magnifying 
power deals with an iucousidorablc fraction of tho whole 
sky. It is impossible in tho telescope to mark out the 
boundaries of the Way ; to see whore it radiates and 
divides; whore it reunites and condenses again. It can 
only bo examined piecemeal, a very small fraction at a 
time — “tho wood cannot bo soon for tho trees.” It is 
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ncfiOHMJtry, thurol’oro, iC wo a»’e to ffiiiii luiy adoquato Icnow- 
oC tlio Htnictuvo oi: tho Milky Way a« a whole, that 
wro should Hapi>loiiiuut tolcscopio aiul. jjhotof^mphic oxamina- 
turn Ijy th(j jnost cturtiCul and thorouj'li sorutiny with tho 
uiuiSHisted Hij^ht. 





Tills is UHtronoinioal work of a liij^h oWhir of iiunorlanco 
whirh has hnoji vary Holtloiu mhuiiiatnly attoniidod ; imlood, 
it is not too muoU to say that it was not until tim 
iniddln (if tlio ninotoinitli ounltiry that it was lii'st HoriouHly 
uiKlorlukfiu. A. Cow (liHtinf,ouKhod namos thou omu’ a» 
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tloiM* s'lti'il Work ill lliiit lit'l'l i llc’imiinu KloiHi 
.itiliiiK Hfi«. Hin ii;il roiK'iiM’ni ol' UihiIoIki iimln* 

'rrMUV(*li>l. IJiifiMicl.or iiii'l uim* m (wo ollioi-ii. Morn 
voi'.’iidv Hlill, Mf. <!. Inn l>roii|;lil oui n In'iiiil il'iil 

iiiitl iiii|ioi'l ttul iiioiioonn»li, i llihil rat i^il I'Y loiir Inrf.t' jiliiti’si, 
nlitidoil " l.a Voio I.soTm' •Ians T I loiiiis|ilii‘'ro Ikirnal,” 
rroiii wliii'li till' ios-'>im>aMvin;,C ma|» o! llio Milky Way m 
(tvi'iuis is ri*|>rotlncoi I on a rislinssl sraln, Uni. viilimUln 

aixl iiMitorlanl as am Iho i-liaits wliioli lilii'knr ami 

!‘Jasloti have I'ivoM ns. tlii'V faniiol. Iio ••onsitloitsl as lntvni|^ 
atlaillisl liitalily. 

It is u«tl iny inloMlion in llasin |ta|»'r;i oillior !•• 

•l.'Hi’i-ili.* wlial ollior ol•s.'rv<•l••l lia.vn or lo ipvo any 

rt'j'iilai' liislory nr nuintiiary ol’ olmorvat ions 'llial. lias 
iK't'U «lono inoil os.Tllonlly li.'l'oro. Nor tlo 1 wish lo 

ih'srrilin wlial an olm.-rvor iimkI*'' os|.ccl,sl ior 

iiiinia‘ir, si I I'oar in many rasi'ii llm romlor wonM 

ronlonl liimsoir with Dm .htsrrii.l ion. My inlonlion is 
hitniiiv lo ;'iv(> niioli nn'ii'ly tront'ral imlioationn ol Urn 

w.n k wlu-h may la* aUmnpl.sl am) 1 1 in whlrli 

il mav ls> sot aliont, I hat. l liofu* who wish I" t|o tm may 
I lunnsi'l vi’s umloilako oh iorval ions whioh, iio lar as lls'y 
nro «’oui'orn''>l, may ho oiiilinal. 

(livim lint alttsmoo (•!’ Iho moon, a finilahli* linio ol Urn 
yoar, ami a llmronKhly ilark oloar iiiKl'U "inl nvoji Urn 
uiosl rasiiat ohaorvor will al om-o poifoivti lha.1 lint 

Milky W^ty ia a nmal oonnijoy .ihj.nH. In t»no iilinst 
wo llml il hroml ami tlill’nnoil ; in aimlhor il. tmiTowa 
alinoal I'l »li!ia.ji|n*;iram'o, I loro l lm millimt will ho 
•ilitn'is llmra il is IVinij.sl onl, inhi Taitil lilanmnla In 
lanmi jilin'oa ii ooa'tnlaltst into knola utnl Mlntalm ol 

li[.;hl ; in nllmni il ia inlorrnploil l*y ohanimhi of iliirk 
noKu, Ami amoni'al llmim I wouhl apMoiully inviln 

all nut ion to I hut rnipoii ol’ wliioli tlaniina tUipii is I In* 
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C(3ntro, and which oxtoiula from tlio bordoi’H of (.IdjtlHiUH 
to those of Aquila. Horo bogins that {froat rift in tho 
Galaxy tlio intevprotatiou of which is so cHscntlal to 
a true uudcvstaiuTing of its lneallill}^^ II(!W3 too arc sccni 



Eio. 38. — Tlio Milky Way in Oygmis, 

Prom Mr, 0. EnBtoii'n *' La Volu LaoWo," 

numerous crossways and side-rifts, not so easily cauf'lit 
Jis the main cliannel, hut which will ho dotectod as the 
ohsorver gains exporionco and slrill. 
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As to the) iiotiial inotlunl of ol)Horviitit)ii, the first 
liSHOiitiiil Ih that the ol)sorv<!i* shouhl be scrooiuul from 
all intorforonce l)y iivUlicial lij.*-ht. Ifore comes in the 
same sort ol’ diflioulty that is oxiieriencod in drawinfj 
the Zodiacal Light, a difliculty U) bo overcome in much 
the sanio mauuor. Il’ir.st of all the obHcrver must loam 
thoroughly the primsipal stars of the district which ho 
is oxaiuiniug j thou perhaps the easiest method is for 
him to dictab) to an aiuauuensis, close at hand, but 
the light of whoso huu[i is perfectly Hhioldod, from the 
obaorvor. Tho latter thou might doscrihu the course 
with roupoct to tho hsuliug stars, of tlio various rifts or 
rays, juid at tho same time should add (istiiuatious of 
tho relative brightiioss or darknes.s ofj eatdi rospo.ctivoly. 
y\uothor method would bo to caiHil’ully plot tho stars 
down upon a shoot of paper hol't)rehaiid, which paper 
might 1)0 illumiiiatod by a very faint rul)y light, like 
tliat UHi'd ill a photographi (5 dark-room; and tho out- 
linos might bo drawn oii tlio paper with referoiico to 
tho stars hy its means. Tho I'ght itself must of oourso 
he arranged to shiiio only on tho pai)oi’, not on tho 
observer’s face. It is possililo tliat a card covered by 
luminous paint might also bo usisful in this work, hut it 
is not ii device which I have myself employed, and I 
think it would probably daz/do much more in proportion 
to the amount of assiskniuto it gavo than would tho faint 
ruby light. If tho luminous paint is used, I should he 
inclined to rocommoml either that it ho used iiudor a 
irai'd in which hoh!s have boon punched b) ro])roHent 
tlio stars, or under a sheet of ground glass or tracing 
paper or cloth on whicli tlm stars have boon indicated 
by Idnck dots, 

It in Uio examination and ropresonbition of tho details 
of tho Milky Way which form the work which roquiros to 
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be clone. Its general shape ancT direction are sufficiently 
well hnown. In particular the faint streamers and exten- 
sions which hmneh off from it, and some of which arc 
very far reaching, need careful study. 

Beside the detection of the shape of the various details 
of the Galaxy, their relative brightness needs to^ be 
recorded. This will be best done, no doubt, by a strictly 
comparative method. Bet two areas be chosen, the 
positions of which have been first defined with reforeimo 
to neighbouring stars, and record wliethor area a is 
brighter, eciual to, or fainter than area h. Further, when 
experience has been gained in the work, it may ho possible 
to make a numerical estimate of tho differenco in bright- 
ness between the two areas. Naturally the areas to be 
compared will be chosen of not widely difforiug brightness. 
In this case, if they are so near equality that one is only 
just perceptibly brighter than tho other, or appears tho 
brighter of the two a little more frequently than the other, 
as tho observer turns his attention to and fro between 
them, the differenco might bo expressed as one step, and 
the observation might be written as follows : 

«. > 6 , 1 . 

A slightly greater difference would be represented by 2, 
and so on; but it will be undesirable to make a comparison 
involving more than four or .five stops. The comparison 
must not he made by attempting to bring the two areas 
into view at once, but by looking backward and forward 
several times from one to the other, that the same part 
of tlie retina may bo employed for both. The time of 
the comparison must also ho noted, so that the relative 
altitude of the two areas may he supplied later. So far 
as possible, of course, areas of aborrt tho same altitude 
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will be compai’oil toii'cUior, as the tyJteet. of atuios])hevic 
absorption is excoodinj^ly noticeable on faint objects. 

As vogarcla tlie kind of night upon Avliich the Galaxy 
may bo stmlied, Air. Goinniill givo.s a hint -well worth 
voinonibering : “The beat views I have had of it havo 
generally been in Git; lirealcs between showers, in the spaces 
Kopamting heavy (donds drifling bobmi a light wind.’* It 
is not at all uecanssttry that the heavens should bo clear 
fi’oin verge to vovgo. The work to be doin; is the examina- 
tion of tho details oC the Galaxy, and portions of it are 
often displayed with nmtsnal (ilemnesa under the above con- 
ditions. Mr. Genimill adds: “A still dark night, following 
n]>ou a windy and showery day, affords soinotiines tbo best 
opportunities. Jbit it is certain that tlie opportunities will 
be fonnd'—if watched for.” 

Tho beginner should boar in mind that though tho 
aHtronoincv's rule is to note, that is to record, whatever 
shines ((luicquld nilot noiandum), inn'ertholess that ho must 
learn to see before ho ean record. The careful study 
therefore of (ho (diosen region of tlie Milky Way for two 
or thriio nights before any drawing is made will not bo 
thrown away, and it sbovdd not bo forgotten that faint 
lights are best scon, not from tho centro of the oyo but 
from tho side, by “ averted vision,” that is to say. On tho 
other, hand, dirocdly the observer feels that ho is beginning 
to get some aeqnaintaneo Avitli his subject lie should begin 
to record. Tho first attempts will no doubt cost some 
effort, and may prove disajijioiidlug, but skill in delineation 
ns well as in doteotion will come with practice, 




OHAPTEE V. 

Ni3W Stars. 

Till? appofiranco of a " uow star ” lias, iu all bcou 

folt to bo an impvosslvo occiUTonco. Tlio coiisiollatiou 
j^i’oupiiif^s iiro BO ])Oriiianoiit iii tlioir cliaractor, that ti) soo 
of! a siKldoii aoiuo old fainUiar pattorn ainonijHt tlio slars 
changed in ita features by tlio sudden ai>poaran(!o of a 
luctnhor, a star like the other stavH and not a plaiiol., 
for its place uiulergoos no chango — is so at varianoo -with 
onr ordinary oxporioiico, that it is no wiindor that our 
forotathora regarded such an event as par laid ng of the 
supernatural. In the timoa hoforo the toloscoiio— indeed 

wo might go further and say in the tinios hoforo the 
Hpectroacopo — such an event hronght no information with 
it. It was iinproasive, it excited curiosity, hut it conveyed 
scarcely any lesson. The spectroscopic examination of 
‘‘new stars,” on the other hand, has been extraordinarily 
fruitful, though wo are very far ns yet from hoing able to 
fathom the exact moaning of tlie facts which wo have 
observed. One thing is clear, namely, that bodies appearing 
so suddenly ns “new stars” have always done, and fading 
away again so quickly, must differ entirely from the great 
host of permanent stars. And yet wo cannot but feel that 
the changes through which a “now star ” may pass iu a few 
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wcclvrt, mol Ilf' on lor in whioli I In mo (•hiin}'t(;i imotnuMl 
othtn', inuv I II row miu’li lii'lit H(iiiii l lm (*liini| ji!!i wliiuU 
Imvo niiirliiMl in tin* I'loil, .n* will murh in llm riiluro, llio 
lil't'-liiiilorv ol' tim iimro nlitiilo iimiiil)(<rti oT llm Imavonly 
Inmi. II' If! liiis IlmiM'hl wliioli mnliiM llm wiilrli for " ini\v 
Hluni" t<l‘ mmli iiii|t*>rl:nmo. 'I'lmy "(for lo mi ii koy. wliioli, 
hownYcr iiiiiH'ifi't'l , in tiio "Illy i>im whidi wo run liopo lo 
fiiol lo uiilooK llio not'i'ol;! of ttlollur <n'olulio|i. Ami tliiili 
llm *' now iiliir " imiy i;ivi* iin llu' fiillioil iiifoniiii.tioii 
williill ilii jii»wi*r, it. in onni'iit ial I lull if Im milijoi-tod lo l lio 
rofnliiiy of llm ii)ioi-troii(;o|M^ whil!il. iln lii'lil. in nlill on llm 
iuorotoio, 'I'lm im|torluiin'o llmroforo of a nlrinijonl wiitoli 
on ill" lioii\n*iin ilooit nol. lio III all in lln* or/n/ ivliioli will 
jmdiy alliioh I" llm olmoivor wlnt in forlniiato moni'li |o lio 
llm llinl, lo .lotoiil a nlollar onllmritl, 1ml. in llio miproino iiu- 
porlaimo I hat nol ouo o| llio low nhorl. lioni'd ilnriiip wliirli 
lint Hliir'ii liplil. IM on llm iipKiwIo nmy Im iiiiimroniiarily 
wiiuloil. 

Mimli wnloliiiiir in mil. for l.lm ommal filii.r-|'a/,or, nor for 
llm ililt'lhnih' who Imn imvor liilion llm Ir.nililo to niiisilm' 
llm itlar-pronpiiiipi ami llm oomiiiK ami poinp of llm 
plaiioiti. 'I'lm plaimlii on|MM'iiilly aro (iiol foon lo nuoli ini- 
ipialilh'il uMpiranlH ; ami jaal loi llio "Urah" Nolinhi, 
I'laofiopo, ami I’vm llm IMoiailmi, havo nmil. many oa|(or 
('oinot,»linnlorii in Iml, liiotlo lo olaiin a omnot, ntoilal. iio Vmiint, 
Mara ami ,lnpitor havo inujilrod hnmlioilu of lolloni in 
ohuot’valoriHn or lo nowopaporn lo ilraw al l mil ion |.<i " iho 
\Yoml*Mfnl ninv nlar." Oiii’ of llio nimtl anmninf' innlamon of 
tho liiml wan wltmi Mm ditumvoror of I ho piiouilo-plunol. Vnloati 
unnoiiimod lo Iho I’arin Arinlihnio 'Ion Moionoon hia 'liia'ovm’y 
of '* a atraiifp' ohjool. in Loo," wliioli provod lo 1 m' no ollmr 
llnui Urn plaimt Snlnrii. 

'I’lio lirnl duly, lla'i'oforo, of llm walohor for "nownhiva" 
is (o worls II lowly, Hloadily, and tiynloinaljoally thr»iH},{h 
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the coiiatoUatioiis till lio has made liimsolf thoroughly 
acfiuamted ^Yith tho appearance, hrightucss, and position of 
their every nienihor. IVhon he has done this, then night 
after night it will bo his taslc, whenever the skies are clear 
enough, to carefully scrutinise all tho stars within his 
view." The labour will bo great, but it must be borne lu 
mind that such acquaintauco with tho heavens and such 
regular scrutiny of thorn are necessary for all the varied 
brauebes of “ Astronomy without a Telescope,” so that tho 
watch for “now stars” may well be incidental only to 
other llnea of worlc. To be the discovoror of a “ now star ” 
renders an observer rightly famous, but as tlie experience 
of the past fifty or sixty years shows that we cannot hope 
to record a discovery of the kind more frequently than 
once in nine years ou tho nvorago, it is clear that it ought 
to be made subsidiary to some move fruitful lino of rosoarch. 
Tho systoinatic oye-study of tho Milky Way is particularly 
a form of astronomy which might bo combined with it ; since 
it is on tho Milhy Way, or ou its branches, that nearly all 
the Novm have been found, as the accompanying diagram 
(Pig. will show. 

• The most famous of all “ now stars " is, of course, the 
One which appeared in the coustollation Cassiopeia in 
November. 1572, and which is always associated with tho 
name of Tycho Brahe, since, though ho was not actually 
tho first to discover it, ho has left us tho fullest and most 
systematic observations of it. It was lost to sight in 
March, 1574, after Jiaving been visible for sovonteon 
months. Thirty years later another “now star” appeared, 
only loss famous than tho Nova of Cassiopeia. This one 
was also observed for sevonteon months, and is always- 
associated with tho name of Kepler, though its actual 
discoverer was not Kepler himself, hut one of his pupils,. 
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John llroiiowski. Its position was in tlio right foot of 
Ophiiiclms. 

No sncli In’Illiant NnviG as iheso have l) 0 on seen in nioro 
rcoont times, since both stars wove reckoned, when iirst 
soon, to l)c brif'hlov than Jupiter ; indeed the star of l.r.7'2 
ranked as equal to Venus when at her greatest l)rniian{!y. 
The Uvst of those noted in nK)d(3rn times wais, like tiiat of 
1004-, discoverod in the couatellation Opiiiuchua. It was 
detected by Mr. Hind on April 2ath, .1848, and was then 
increasing in briglitness. Hour days later it attaiiuHl its 
maximum, which only ranked it of the fifth magnitude. 
Tlie second star of the list was discovered in the globular 
cluster 80 Messier, Avhich lies between Alpha and lleta 
Scorpii. The third was detected by Mr. Hiriniugham at 
Tuam on May 12th, 1800, when it was recorded as of the 
seconct magnitude. It may be doubted, however, whether 
this star is quite of the same order as the others. It had 
heen observed siworal years previously as of magnitude 
9.1, and it still remains visible, being now classed as a 
variable nndor the name T Coronra. Still its outburst must 
have heen very sudden, for Dr. Julius Selnnidt, whose 
acquaintance with tho heavens was of tho very (dosest, 
declared that about two and a lialC hours previous to Mr. 
llirmingbam’s discovery, ho had tho constellation of the 
Nortliorn Crown under his observation, hut had noted 
nothing unusual. Tho next discovery was to fall to his own 
lot.' On Novombor 24th, 187G, ho found a third magnitude 
star had appoaved in tho constellation Oygims. This star 
rapidly faded away, and was only of tho fifth magnitiuln 
on Novombor 80lli. Its spectroscopic history was of iiitonse 
iiitorost, for, by Soptombor. 1877, tho light coining from the 
star was almost oiitiroly monochromatic, and corrosponded. 
.with that which would bo given by a planetary nebula. 



NKW .si’AK.'l. 


mv 

Tht* iifxl " iH'W (lisicovuml l*y a 

rtiiiniili'rultlt' iiumlii'r nl’ nltm’i'vni’H in AtiijtiMl, iHM'i, \vii:i 
tU'hiKlIy inviilvi'it in a iii'l>nla, llm i'I'imI. nnlnilii nl’ Ainlro- 
ntld WIIS I<| tlu' ni|f|-‘U;l. 'I'lli'l WilSI wllnllv 11 

tl'Il'MI' A'orii. and .‘iImi'm llml linii< ro^vi'nil nl Inn- l<>lt<aro|iii! 
Nof.’i’ liiivi- lit't'n diiii’iiViMrd tty nifil li:! nl’ I In* |i||id nj^iapllit: 
rliiii'la vvln<'li liiLvn iniidn al tlm lliirvurd (Vtllci'n 

< )lt.ii’rvtilnr\ , nr at ila 'aiullH'rii iinnt'xn ttl Ari'ipiipii, I'nni. 
Hut f AVn Amvi' have Iti'iUi drint’ird liii'tid>vi lliivii', linlli nf 
wliit’h Wtu'c' liaki'd-nyi' nhji'< l;i, and tlm hialnrv nl llit'ir dla- 
rnvt'ry id ill (In' liinlii"i(. drnrrn rin'iMiiiii'int; and inal rurl Ivn 
fnr Iht' “ iial rnimnn'r wiilmiii a |t‘ln;(i'n[tr.'* ( )n l''i’liniary lai, 

IH'J:,!, an iinniiyiiiniiM |•nat -l'ar<l wint r<'t'*<ivi’i| Ity I )r. ( 'n|i(>Iii.inl 
at llm UNiyal < tli'ii'i valnry, I'ldinlairplii u il li I In* rnllnwiai^ 
UUUntlina'ini'lltA 

" Nnva ill Auri:;a. In Mill»y Way, almul. Iwn di'ipcitn 
iinulli nf V Aiiiipa', jtnTcdin!; AuiIk"-. niaipiil iidi*, 

idiijlilly lii i(dit i'r I linn y ." 

'I'liiil nitrlil llm niar wan »'X!iiMiiifd I'y nmaiifi nl an I'yn- 
j«i) I'n jiriani a( Hm l■ldinlml('ll ( tlmiTvalnry, and ila api’rl lillii 
wtia (n•^•n In nintniii many vivi>l luij'.hl litma, wlihdi ii|. 
itiirn inarin'd it an a " imw i.(ar” nf ii|ii>i'i rn;icn|.ii’ inli'n'id, 
llnl. inli'l ini' In l|n< nn>’ wlijrli ||,m 1 Itlildi' tin jp r ll a ni-liaal i*i|t 
in iHiIii, And tlm anlii’ijiat inmi wliifli tlint Hr,-. I |(liim'n 
i;avi' Warn inui'li ninln Ilian I'nllilli'il. I mli-nd, iNnva Allli^pn 
nju'iii'il an nnlirt'ly imw t'liiipfi'i' in lli" n|>ia‘lrn!><‘n|in' aludy 
nf alarjl nf ita flnan ; lint tnn'li iiindy ia apart frnni niir 
pn'iii'iif pni'|)nnt‘, wilirli I'a.itnni Ita ln'lti’r rullllli'd Ilian liy 
ipinlini' lilt' at't-nnnl ('iv'ii by (Im ditii'nvnrnr, llm Ifi'V. 
'I'linliimt It, Alldi’iann, inn li'Hi’i’ wlii.-li iippraif'd in 
l''i‘l»rniii'y UHli, iH'.i;’; 

*' l*inf, i‘fi|M*|iiiiil Inn. tiiiin'.‘*cli’'l In inn I Hat ti'i 1 mil Itii' tt i-ilnr nf 

(In' iiMi.iiy iMinia liml -.'iitil Mn'iifininnl tpy ynii a I'ni lni{ilit, tian (p, ll«!a)| 

I nliiMilil (i'll ynni' t-i'inlt'rn ivlinf | knnvv iilMiat llm Nnvii. 
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“Ib wna visible as a star of fclvo fiftli niagtiibiulo cortaiiily for two 
or throe clays, very probably oven for a avocIc, Imroro I’rof. Cope- 
land received my post-card, I inn almost eovtiiin Hint at 2 o’clock 
on the morning of Sunday, tlio 24tli ult., I saw a fifth mngnitmlo 
star making n A’ory largo obtuse angle with P Tauri and X Auriga), 
and I am poaitivo that I saw it at least twice HubHecpiontly during 
that night, Unfortunately, on each occasion I mistook it for 
26 Auriga), merely remarking to myself that 20 cvas a much brighter 
star than I used to think it. It was only on the morning of Sunday, 
tlio aist ult., that I satiafiod myself that it was a etrango body. On 
each occasion of my seeing it, it was brighter than x. JIow long 
before the 24fcb ult. it was visiblo to tlio naked eye I cannot toll, as it 
was many months since I had looked minutely at that region of 
the Uoavons. 

“ You might also allow mo lo state, for tho henoflt of your 
rcadors, that my enso is one that can afford cncouvagomont to oven 
tho humblest of amatoura. My kuoAA’lodgo of the leolmiealities of 
astronomy, unfortunately, is of tho most meagro doseriptiou} all 
the means at my disposal on t)»o morning of tho ftlst ult,, when I 
made auvo that a strange body was present in tho sky’, Avoro Klein’s 
‘Star Atlas ’ and a small pocket toloscopo Avhioh mugiiinos ton times.” 

All examination which Prof, Pickering had made of 
photographs which had been taken at tho Harvard Oollogo 
Observatory of the region of the Nova, showed “ that tho 
star was fainter than tho lltli magnitude on Novombor 
2nd, 1891, than the 6tli magnitude on Becoinbor Ist, and 
that it was increasingly rapidly on Bocembor lOtli.” It 
would seem to have attained a nmxiinum about Beceinbor 
20th, when its magnitude was 4.'d.. It thou deoroased. 
slightly for about a month, fading to somowlnit below tlio 
5th magnitude. When Br. Anderson detected it, it was 
again on the upgrade, and it seems to have reached its 
maximum about February 8rd, after which it doe.Iined, 
The star therefore had been visible to the naked eye for 
fully six weeks before Br. Anderson’s discovery, a time 
whou it was evidently passing through the most iutorosting 
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and important cliangos. But for his zoal in studying tho 
ht'iivons, it would ■without doubt Inivo escaped notice 
altogether, and tho spectroscopic rovolations which it yielded 
would have been Avholly lost. 

This success naturally stirred Dr. Anderson up to making 
the seiu’ch for ‘‘new stars” his serious business, as he 
narrates in a most interesting letter addressed to the 
Ohservatorif for March, l.t)02. lie writes : — 

"I iiooil btinlly aay that boforo tho tulvont of Nova Aovigra my 
asti'OiiuiiiiiiiugA wore fruitlooB—fruitloss, that is tx) Hay, flo far as the 
mat of liuiniinity was oomiorned — but far from being fniitloas ns 
regarded myself, for thoro was for luo, at least, a certain joy fid 
ealm when, after a long evening epont in writing sormona or • in 
other work, T, throw up the window, and taking out my little pocket 
tolcaeopo, Burvoyed the never palling glory of tho midnight sky. 
lint after the appoaviuico of Nova Aiirigio tho thought oceuiTod to 
mo that perhaps after all ‘now atiirfl’ might not bo Hiieh rare 
]>hononieiia ns had up to that tuno boon nuppoacd. ihe eorrcctiiesB 
of that BurmiBO littB boon proved by Mrs. Kloming'B diBCOvory sinco 
(lion of no fewer than flvo of tboBo objects on. tlm Harvard College 
photographs, although it is eorlainly Htrungo . that all thcHe Novw 
shoukl have nppeamd in the Bonthovn lunuisphem. 1 therefore 
reaolvcd to eoimnoneo a flcui'ch for now starH.” 

Dr. Andoi'sou’s purpose "was not con lined to stars visible 
to the naked oyo, hut extended to all stars included in 
tho {.jroab work oC Argolaiidor luuT. Schduliold. This 
lUujCHBitated his making charts for hiinsolf for tlie regions 
south of -1*40'’, a work which moaiil the plotting down 
from thoir catalogue pliicoB of movo than 70,000 stars, 
Tho instruments with which ho worked wore a large 
hiuooulai* (tnd two refractors, ouo of 2.}' inches, tho other 
of 9 inches aperture, and which respoctivoly enabled 
him to 800 stars of tho lOlh and. Hth magnitude. To 
coutiniu) his own account ; — 

" Thua nvtnod I began to hunt for ‘ now bIiu'b, I worked ivitk 
migtit and main, never going to rest as long as tho sky I’orouined 
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clonr, and often rising in tlio night to hoo if tho clouds had imssi'd 
iiway, and if they had, hurrying downstairs to hogin work (uthor 
with tho binocular or with tho toloscopo. I’ho cliiof ohHtiudo Mint T 
have to contend Avith in such AA'ork is that tlio only wiiuloAVs in tliis 
house from Avhich I can thoroughly oxainino tho lioavoiis, face tlio 
north-west. Not only is my Hold of labour thereby A’ory greatly 
ciroumaoribed, my telescope being only able to oommaiul that jiiirt 
of tho licaTohs whioh extends from tlio I'lquator to H-VO", hut tlm 
discomfort is froquontly not iuconshloralilo, us tho northerly luul 
north-westerly winds, ivliioli so often bring with them transparent 
and unoloudod skies, are in winter and early spring far from heiiig 
balmy, and can make tliemsolvos foil oron when the window 
shuttors aro partially closed. 

At first iny soavoh avus mainly for Novre, and was prosecuted 
by nicaiiB of my binocular. . . . When I came to see that 

hunting for iVourti ivas not attoiulcd by the snccoss which 1 lind 
anticipated, I began, without onliroly abaiidoiiiiig sueb work, to 
make a systomatio search for variable stars. For tliis T used my 
2.1-iiicli telescope, comparing what it showed mo witli tho repre- 

aantation of tho hoavons contained in the 11.1), charts 

I was always glad if after three or four months of eearebing, during 
whioh I might have oxaniiiiod perhaps 20,000 stars and siispected 
fifty 01 sixty of variability, I was able at last to come aero.ss one 
wlioao brightness changed, 

“I found Nova Porsoi, I need hardly say, without either 
bmooular or toloscopo when I was casting a casual glance round the 
hoavons,” 

Ifc was then no inero happy chance that the Ooniicil of 
the Royal Astronomical Society -were honouring, but the 
most persistent and strenuous work, when at tho aunnal 
meeting of February, 1902, they conferred upon Dr. 
Auderson the Jackson-Gwilt Medal. Tho words of tlio 
Px^sideut to him, when prosouting tho moaal, put tho case 
briefly and clearly 

“Nova Auriga) was diacovorod by you on Fobrimvy lafc, 181)2, 
when of tho 4th magnifcudo, and but for your discovery Ifc might 
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oacapeil obaorvfttion. Nova Poraoi wao dUdovoroil on Fobruavy 
of kab yoar at. 2.10' a.iu., Avhcii of 2-7 iiia)»tiitud« uiul low 
"'*’1 ill tbo ally. This ourly iliscovory of youra imulo ib poasiblo for 
“ItOrijig to obtain its speotniin befoi-o its lutixiimnii waa reaobed. 

iio small 1 natter to Inivo discovoreil om* ot llioao Ifovtc, bub ib is 
"^^X'itiiblo ioar do forve, swM aa d prion would Imvo acemed iin* 
to have diaeoA'ei'tnl both, and I am ileligbtcd tliat wo havo 
^ cumortuuity to congrutukto you on your siuroosa and to do honour 
^■*^111' astronomical zoal and iutiniato knowledgo ol the aUy. 


l)oiut with regard lo the discovery of K<iva Persei 
“I'Vew further mentiou, namely that Dr. Anderson’s 
sovoi'y was made almost simultaueously Avith tin; out- 
for photographic vocordH show that so late as 
‘^'Us-try 19th the star must havo boon fainter than the 
inugnitudc. It had probably only entered the lanhs 
visible to the ualtod eye a very few hours when 
-A^ixclcrson remarked it. Hut it is gratifying to leinaik 
■fc whilst, but for Dr. Anderson, Nova Auriga) would 
"o passed entirely without detection, the closer watch 
ic 5 li is now kci)t u|)on the sky rosviltod in several 
'ii'oly independent discoveries of Nova Persei, Herr k. 
iitiiiilor discovered it the same morniiig at Erlangen; 


pttvin P, D. Molesworth at Trincomali was not (juite 
jIvo hours after Dr. Audorson, and four hours later 
11 JVtr. Ivo Carr Gregg, at St. Leonards, had also 
bectod it, and conimnnicatiiig his ol)servatiou to (Job 
liJ, Markwick, the Director of the Variable Star Section 


tlio Hritish Astronomical A ssociation, tin; other members 
Section Avoro inado aware of the event before the 
.'.yfci of Dr. Anderson’s discovery had reached them tlirough 
□'*ov'<linary channels of iiifovinatioii. 
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The STUucTUBiii oe ConrETs. 

In the chapter on “ Morning iind Evening Stare, *’ I 
lioiuted out that the systematic observation of helineal 
risings and settings offered a chance — a rare one, it is ti'iio, 
but still one not to be despised — of malcing the first dlsr 
covory of a comet. Unfortunately comets, bright (m(»ngh 
to be visible to the naked eye, have boon but very scarc^e 
visitants, nor can wo reasonably oxpO(;t that they will 
be more numerous in the future. Still, wlion one does 
come, it justly attracts imivorsul attention j and tlm 
astronomer witliout a telescope ” will naturally bo anxious 
to know if there is any work within liis power to elfe.et 
upon it. 

There is. Ho cannot of course expect to make useful 
detorminatious of the comet’s place; nor can ho scrutiniso 
the changes which take place in the minnto details of its 
head. But the sliape, extent, and precise form ami posi- 
tion of the comet’s tail are bettor observed by tho naked 
eye than with tho telescope; since tho eye can ombrn(!e a 
far wider field, and is tho fitter instrument for dealing 
with great extensions of faint light. To map out, night 
by night, the xM’eeise position of the tail or tails with 
reference to the neighbouring stars, to trace its limit and 
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to (Ictorinino its (jxiiot foi'in, su'o by no lueaiia iiiiniiportruit 
tasks, 

And tor tliis roiison. last thirty yoars liavo soon the 

dcvolopnioiit luul gradual aoceptaneo ot a ihcory wUuili 
explains the origin and struetnro ot those fav-strotching 
wisps of light which our forefathers found so mysterious 
and awe-inspiring. Tlui first step towards the elaboration 
of this theory was made by Gibers nearly a century ago hi 
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a memoir on the great comet of 18X1 ; but in its ])ros(mt 
shape we owe it to X^rof. Brodikhino, hitoly the Director of 
the INmlkova Ohsorvatory. 

It was very early noticed that tho tails of (ionietH are in 
g<'ineral diretdod away frenn tho snu, and the instaneo of 
certain eoinetH, whicdi passed at perihelion very (dose to tho 
solar surface, was millieiont to prove that we must not 
regard a comet’s tail as hinning a body eolioreiit with tho 
head. Thus the great comet of 18d.4) swept round some 
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180 ° of loiif^ituclo at iiorihulum iu likn oif'hlci'ii 

houra of timo. Tho (ail wliir.li Imd bwu hocn lu'l'ovo 
perilielion, pointing away from tlm kimi iu one ilinuition, 
could not poaaibly have boon oompoaod of l.lio aiinu) nm.loriiil 
iia made up tlio tail lying iu tin' opposili' dircniitm 
aftor jionholioii. But if it w('ro HU|»poMO(l that tlin aitn 
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12 Mai 

Fio. 41...-Tln; Comofc of lOUl on May BJ. 
wero capable of exoroiaiug a roj>ulsivo forco upon houio 
portion of tlio anbatanco of the coniot, driving if, oil* iu a 
continuous stream, thou tUo general boliaviour of coinolary 
tails would be accounted for. The tail, stiou at any pnv- 
liculai time, would bo the snuinuitiou of particles which Inul 
loft tho comet at different successivo iustants, just as tlin 
trail of smoke from tho fiuinol of a locomotive, as seen 
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ill iiiiv imvlii’niiii' iin'Hii’iil, niimn'Ki'it of pari iii'li'M l]ml> 

fam«* olT fii'Hi i( ill t.ucct'!n.ivi< iioiluula, lunl i» uu|. n. Iimly 
mlifi't'iil with lh<’ 

Siirh II ri'pithiivi' hn'*'*’ w<' may liml in an »'h'i‘li iriil m l inn 
of f lio Hint ; .III a<'lii>n tin* I'tlii'lnin v of which woiilil lll•pl>lHl 

n|it)M ihii iiitrl'aco of till' lioily m Icil iijiiiii, in i'oul.ni!;i|i'tl wifti 
Unit of |;ntv ilalioii, which <h‘)ii'iol<{ U(ioii iht intniM. 'rhim 
whilst tho iiMc|i ii!( i-i Jiiovitip ill il >i orliif I'lOtiiil I ho siuii 
iniih-r t ho inlliioiiico of voi v iiiiiiiilo |>iti l ioloit 

in tho oiivolojio will timl I houoiolvos piMirl icully loan 

alrollplv iitlraotoil (oWin'ihi I ho i-mii, or il iiiiiy nchmlly 

ho )'o|M<llo(l fi'oin it; ill uiiy o.isp* Iho ojfool i>i to 

Hopai'cilo Ihoni iiioio itiol iiiuro fi’oiu Iho main hoily of 
Iho ooiiioi, 

1)1’ Iho |■lll'ti«*|o!l ihui! ili'ivoii away front tin* lioml, tlin 
lil'hloal Woiihl ho llioao niost Ml ioH|»ly vo|iol|oi| ; oiirl I'rof, 

Iti'ihlilihilio foliinl Ihilt I'ovoial of fln« |'|•o(ll ooiin>t'( of |.|io 
pil'd I'l'Utliry wol'tt ilistiilplliMhod hy Iho ptintaainioii of toil)' 
Hiluif'hl. tiiihi which iiiutd huvo hoon ooniponoil of pailioloH 
iMovini*: iiintor an inlhioin't' tioino Iwolvo i>i' roiivlooti linioH 
Ihiil of gravity. Thoiio hni)' iihaiitlil laihi hniM itii 

I'Xooiiiliiii'ly oli’inicloi iiil io claaii, uml liavo a l'•lill)')y hood 

niiilioil hy I'i'of, IlivtlilJiiiio loi I'ouipoaiiip hia liiol f.y]i(^ 
Suoli hiihi ar« nhvioiialy ctPhipiinotl of l)io ]i|.;hto!tl miitoi'iiil 
iMitoriii)' inhi I In* oompotiilioii of tho c(tiiio|, amt miauniiit)' 
IhiH fn ho hytli'titjoii, flton llin avonii'o liril of tho fiocoinl 
typo iiiiphl woll In' iMU'lo iip of hyilt'oi'Hi'hoti'i ; wliihd. ii'o)i 
Htnl Iho houvior iiiotala woiiM, fi'oiit lUoir lll•lloolllll,|‘ 
w-oif-'lil, ho Miiiliihh.' o|i<iiioii(a lo form fin* Ihinl ly}io. hi 
flio IiiIIm of tlio (looiiinl typo tin* on’octivo lopulaivo (’oi'iio 
ilooH not ililTor nii'iilly fiom ciravily, ami il, in l)ii*i ly|in 
tif I ail, Nliffhlly, In it not oxl 111.1(1 I t i iirvotl, whioh in 
iiionl, I'oidiiiniily oliMoi'voil in oittiiiil'i vtMihlo hi t)io iiuhnil 
oyo. Tho Ihii’fl lypo in iimutlly xlmiply < ‘Mr veil, Hhort uiiil 
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brush-Ultf?, and tlio roi)ul8ivo fom) in coiiHidiJiubly IftSH 
tliaii that of gravity. 


a 



3?ia. <12.-~Pi’of. Brddilfliiiio’B analyflis of ttio tail of kho Ooim'fc 
on 1001, May 12, 



THli) STRUCTUlUil OF COMETS. 


227 


Tlio groat coinot seen in the soutlioni liomiHplioro in 
April and May, 1.901, lias rocontly liomi analysod by Prof. 
Brodikhiuo, iu a papov from which liho llireo aoooiupiinyiiig 
diagrams luu'O liemi rojirodnced, and his results afTonl an 
iiitorosting oxamplo o£ his inothod of troatinout, and of tho 
nso which can bo mado of caroful imlccd-oyo observations of 
tlie positions of a comet’s tail. 

On April 24th, before tho poriholion jiassago, tho coniet 
showed practically only a single tail, and that was of tho 
first or hydrogon typo. After jieriholion, the tails wore 
only of tho second and third tyjios, tho mattor composing 
the first typo tail liaving boon ap^iaroatly coniplotely driven 
away. On May fith, the chief tail, which was distingnisluMl, 
by a very well marked rift, showed this rift as of a conical 
shape, the apex of which was occupied by tho nnclmis, and 
not as usual of a conoidal form. X drawing nnido h^y Mr. 
J, Liint at tho Jtoyal Obsoiwatory, Oapo of (lood llopo, on 
Mii.y 12th, was of ospocial iiitnrost. It not only showeil 
tlic principal tail of May htli, witli its dark rift, hut a long 
broad faint tail some ‘25“ in length, and a short tail hotwcon 
tho two. Prof. Bredikhino’s analysis of this drawing is 
given in the accompanying diagram. The lines 19 and 14,, 
tho two hranchos of the principal tail, wore duo to a ri'pul- 
sivG force a little greater than unity; tho liuo Irt is dim 
to a force of about O'dri ; tho broad faint tail, Ih-of. 
Bredikbino ascribes to HubstauecB of tho third typo, and 
finds that when tho particles which mako ifc uji arc tiuited 
back to tho imclens they indicate that a groat explosion 
took place on April 22nd ; a vasl: rpiantity of matter tif a 
wide range of density being driven off in a single short- 
lived (iouvulsion. Tho points in tho diagram, a, /J, y and. S, 
correspond rospoctivoly to values of tlio n.'jmlsive foreo of 
(V85, (m. 0-25, and O'ln. 



GHArTElt vn. 


A TO’I’AI, SoiiAU I'jCIJJ'Hl-l. 

It iH tlio misfortuno oJ! tlio IkUiHli Ik1<sh to lio ho 
slmnnocl by total oclipsoH of tho min tliiit tho liiKt vinibln 
ill England happened as long ago us and Muh ('.onnl ry 
•will not bo fayoured witli tlio nexi; until lil'27. Yot llio 
oaso oC modern tmvol bringH tho phoiioinonon within tlio 
reach of ho many that it may lie well worth wliiln to 
glanco at tho various kinds of work wliieh can Ih< umlor- 
takon by “ astvonoinors without tidcmitopiiH,” ospooia-lly as in 
1905 a total solar eclipse of considorablo duration will bo 
visible as near tho Britisli Ishm as tho northern jiroviin'cs 
of Spain. 

It should bo borne in mind by all who iiro favoured 
with a good view of so rare a phoiioinonon us (hat of a 
total oclipHG of tho sun, that thoro is a kind ol; moral 
obligation upon thorn not to lot the opportunity pUHS 
ontiroly without profit, “ Tho giddy pleasure of iJio 
dyo” is no excuse for solfislmoss. Eacli one sliould do 
something, make soino record, which may heroafl.or be 
■of service to others in tho solution of Honio of (he 
problems which an eclipse prosonts, AVe owe an in- 
ostimablo debt to those who preceded ns wlio did hnive 




Fig. 43. — The Corona of 1900, May 2S. 
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such rocords. and wo can only repay that dobt, by in lilce 
inaniior doing our host to loavo inatovial as usofnl for tlio 
hofiefit of those who shall in tlioir turn succeed to us. 

First of all, tho most ol>viou.s worlc for anyone to 
uiulortake, who watolies a total oeli|)H( 3 ! witlioiit a tole- 
acope, is to draw tho corona. This may soeni a yory 
trivial matter, and, when tho strange discirejnnuiies 
between dilTforont sketches are noted, a very usoh^ss tiling 
to attempt, especially in view of tho entranoo of plioto- 
graphy into tho field. ]3ut it is not so. Tho chief fact 
that wo have as yet established with regard to the coronji 
is that it varies in form and oharncter with tho sunspot 
cycle, and tliis fact, though supported hy tin? photo- 
giaphs, Avns demonstrated by the comparison of draw- 
ings. Then again the caroCul examination of drawings 
has shown thorn to bo far nioro trustworthy than a’ 
cursory look would suggest. Tho wide difforonce.s 
hotweon difforent Hkotehes have often boon duo to tiio 
skotchors choosing differout sections of tho corona; ono 
choosing tho brightest inner corona, another tho fainter 
and. more irregular contour, a third the faintest oxtoii- 
sions. Tho results have really not been contradictory hut 
rather supplemental of each othor. Nor has photography 
entirely suporsedod tho work of the skotclior even yet. 
The coronal streamers, often shown in drawings, were 
photograiihod in tho Gelip.se of 18{>8 for the Jirat lime. 
Tho previous failuro of photographs to record fchoin Jiad 
occasioned their vory existouee to bo denied in flomo 
quarlers, and bad cast unmerited suspicion upon tho. 
drawings which doliiioatod them. 

Tho work of drawing tho corona is, lioworor, not ono 
0 bo done olf-luind. Tho iutondiug artist should ho 
one who has already acquired skill and quickness in 

ii2 
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di'fiufflitsniiuiship. Tho tiino of iin oclipso ih terribly, 
short, and tho object to be Hkotc.liod is bi'/iifr(5 antl 
unfiiniiliar. Thore shonld bo frequent pvaeticum bijfovti^ 
Imiul, oitlior upon drawings of the corona, hold at, 
distance of 107 times the diiunoter of the <.'elil>Kiii|^ 
moon, or, perhaps bettor, upon little wisps of (dri-uH; 
cloud. But in any case tho time from tho first 
of tho object to tho completion of the Hketeh numb bes 
rigidly confined to tho time of tho expected duration of 
totality. Quickiioss to seo and record is tho first (msontiitl 
for coronal sketching. 

Tho next point to bo noted is the need for fiductiLl 
linos by which to orientate tho drawing. '1'liiH may bn 
done by providing a plumb-line right across tho linn <»f 
sight. If tho weight at the end of the idumb-line ilipa 
into water, it will servo to steady it against vibration 
with tho wind. 

If several skotchors can combine they slionld part.i<ni 
out tho corona between thorn before tho eclipse buj^iiiHj 
tho vortical lino being adopted as ono of tlio divi<liii^<j‘ 
linos, and if four workors are present a lino pavallol to 
the horiv.ou might bo another, thus giving eac.h ob«oi‘v«r 
a .(Quadrant, A fifth observer might make a rapid out - 
lino of the ontiro corona as a basis for combining tho 
four quadrantal skotclios, 

Tho sketchors should bo careful to indicate as pvcciwoly 
as possible the positibus of any rod promiuoncoa, as 
these can bo vorifiod either from photographs or frfiiii 
obsorvations with tho spectroscope. Distances from tho 
limb of tho darlc moon should bo carefully estiinatod in. 
terms of its diameter. 

In some former eclipses, notably in 1878, tho brightoBt 
inner corona has been screened off by means of a bUtolc 
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(IraufrlitBiimiiskip. The time of an ocUpso in terribly 
short, and the object to he slcctehod is bi’/arro and 
unfamiliar. There should be frequent practices before- 
hand, oitlior upon drawings of the corona, hold at^ a 
distance of 107 times the diameter of the eclipsing 
moon, or. perhaps hotter, upon little wisps of (urriis 
cloud. But- in any case the time from the first sight 
of tlio ohjoct to the completion of tho sketch must bo 
rigidly confined to tho time of the expected duration of 
totality. Quickness to see and record is tho first essential 
for coronal sketching. 

Tho next point to ho noted is tlio need for fiducial 
lines by which to orientate the drawing. This may ho 
done by providing a plumb-lino right across the lino of 
sight. If tho weight at tho ond of tho plumb-hno dips 
into water, it will serve to steady it against vibration 
with tho wind. 

If sovoral skotcliors can combiiio tlioy should portion 
out tho corona between thoni before tho oolipso begins, 
tho vortical line being adopted as one of tho dividing 
linos, and if four workers aro present a lino parallel to 
tho horiKon might bo another, thus giving each obsorvor 
a .quadrant, A fifth obsorvor might make a raiiid out- 
lino of tho ontiro corona as a basis for combining tho 
four quadrantal slcotcUcs. 

Tho sUetchovB should 1)0 careful to indicate as precisely 
as poBslblo tho poaitihns of any red prominences, as 
those can be verified either from photographs or from 
observations with tho spectroscope. Distances from the 
limb of tlio dark moon should bo carefully ostimatod in 
terms of its diamoter. 

In Bomo fomiov odipsns, notably in 1878, tho briKl.toot 
innor corona has boon Bcrconcd oO by means ol a black 
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Oiac, 80 as to leave tlio oyo move sonsitivo for tlio dctoctioix 
of faint coronal Htrc'iinior.s. Tliis is not rocommoncloil as 
it 18 a troublesoino and vory doiibtfnlly useful device. 
But all iutmclinj^ skotehers Bhould be most careful to 
avoid dazzling their eyes during the coming on of the 
partial phase, and should rest them as much as ^lossiblc 
shortly before totality. 



Era. 44 — Di’fuving tlio Coro mi \ Huxar, [iidin, 1H98, iTunuiiry 22, ehowing 
tho uau of Iho plinubditio,''*' 

(Prom II PliotoaviH’li 1>y MIhh Oui'trtiilo Itiicoii.) 


White chalk on purplish blue paper is an ndniirablo 
material for roprosonting the cox'oiia. Notes us to any 
colour or colours porcoivod in tho corona should bo iniido, 
Quito unotlior class of work may bo takou np by llioso 
who have keen oyosiglit, in tho soarcli for stars. To noto 

♦From "Tlio Iiuliaii .TSoUpao, roport of the Exp^itiona 

orgiiniBod by tho UrLtish Astrdnomieal AssooitUiou. ' 
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which aro aocn, whou they aro first {glimpsed, and. 

wluin loat, would ho of soino value as a rogistor ol; tho 
ch'iiriioss of tlio sky, and of tlio hrlghtiioss of tho oolijiso, 
ii.s well as Coi’ comparison with tho records of old (udlpsos 
wlioveiu tho a]>poai'anco of stars was olisorvod. 

Tho ZodiiKjal Light should be looked for, for though 
tho (duiucoa against seeing it aro very great, a siiiglo 
clear record of its appearance during an eelipso would ho 
of tho utmost value, and might decide at onco whetlun' 
its axis coincided with tho oclijdic or with tlio solar 
equator. 

■^JMso oiiaorvatious of the “ shadow-bands ” is oiio of some 
iutorost, and as it ouly requires a white surface and a few 
light rods, there should novor he any diHiculty iu oidistiiig 
ol>sc)]‘vor8. 

It must 1x1 roinomheved that tho hands are UHually very 
faint, and liavo to bo dofmitoly looked for. A white 
surface must lie prepared to rocoivo tliciu ; oitlmr a white 
slicot, Avhieh may ho fastoncMl down to tho ground, or set 
up vertically on an uprigUt frame, or a whitomxl wall. 
Tho HurCaco should bo marked with two black concontrio 
cii'clos of known diametGr.s, that the intervals apart of tho 
Wands may be correctly judged. A rod should lie placed 
to mark tho direction of tlio hands thomsclvos, as soon 
at tho beginning of totality; and another to mark their 
direction of motion; another pair hoing used for a similar 
purpose for the bands scon at tho close of totality ; and 
after totality is over tho most careful dotorminatious 
niiiat bo made of tho directions of tho rods, and of tlio 
position of tho sheet or wall. Tho following quostions 
drawn up by Mr. E, W. Johnson for tho assistanco of tho 
Mombors of the British Astronomical Association should 
bo answered. * 
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•,*r i:‘*Tii (?■/;(. 

I ir*v. InAoic <lii| 1 tii> Itiiml.-i ii.ji|it‘ar V 

W li t? iituiilH i’ li.tM'l i Vii’vo viiiililo, Miiy, III to 

.1 W i.;l! ’.v.fi 1 l|<’ lull i.r Kitil inn •’ 

I \\ fi'. tliny hii'lnn'.l tn I ill' tlm-ft inii ttl ninliini? 

.f W )i:if wtr- I III- till ■-(') mu iitiil Inirn III' | Jin wiiul 

«; 1 * 1.1 lli.-y f.tiim uiiil'i.riuly, im‘ in liiilflji-i j' 

l’ W'ilil? fl(>.|v I' 

0 WiliiJ ilt>. V. Iihli III llm liiniihi ? 

!* Wind v... > lit-, ilit.1 iiiii'n innul nl' llin liinutdi' 

)**, W . 1 .' !li<-y vi iy fuiul. nv finally tli'llllftl ? 

11 . Wa= fli 111' iliii'.-iinu iit’li.f loliilily llm aiinm iih 
l.fl'.M..V 

l‘/ ll<iv. 1..U;: Lilf.'i' v.«*r«' tlit'y viiiilili! V 

In. I ltd y..ii dfo 'Olv l-.iinhi ilui iiii' fntalil.y ? 

dim ituliiffi •** '.liinln\v.-li;iiMl!i IisuIm naluriilly tu 
iiMAf-'inl.-t'i- ill «.*»!., till' llu’i'i' ia iiii ilimlil. I.lnii' tlm 
*lm viiitd iiltfl'ifi llm itin-f t ioii nl’ |.|m hiolinii 
• •I fill! l.;iu>r>, ’I'lm um|i .unlnj'inai nlliii'rVnV alliUlM llmi'n- 
|.iiiviil.< Iniu i'U V. idi laiUK* rtirni nl' vuim luiil hoiiio 
ihfiiim «'l i.ii! *'i f iiiuiui; llin luVn*' liinl Hjifnil nj’ lllli willil. 
'rim vm! idt'l dry Imlli ilu-nMnitmO’i'a wmiM Hnniii iu lin 
litn tiii]inrlaiit itndntumnOi |i) lulii*, tllll-l. illO 

fS(;ius»»! iu ii.uijt.’itiiiun a*»*l i*i i-atuiatinii of llm iiir 
inudil t-n hfirl.nd, ‘I'lu* liarniimlnr wniild auuH* in ilm 
tjiitfl I'lm It id n|’ fiiiiviili tlnMii'itlili* llia,f> iiltHin'valiotiH 
liin.uM Im lumln iri i<iMil;iv iiiO'ivalH I’lif Hoiim ilayw lioUi 
l«wi«.l}u-? ,tu<l liillntt'ii);.; I.lu' fflti»m\ MH|n'i‘iiilly at (Im 
luMir mI ill*’ *lf*y »*’* tlial wlmn lli*i t'clijiHij takcH 

|i!aff, 

'rimM< vvif.i liml llimmmivi'it alimit In wltimHH Hii 
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yet without any iii»ti'uniont« or any iti'i^MiraiioiiH Cor 
oljHorviug, fllioiilcl not lot it piiHS without houkj rooonl. 
I’lioy Hliould iioto ttio ii]>j)Otiranco oC tlio swoc^j) of tins 
Hliadow over tho country aw it coiiios inul uh it }i'oOH ; (lie 
ooloui'H o£ hlty, land amt Boa Hhouhl alno ho noted, tlio 
nky boiiijf divided into three roi'ions — luum^ly, overhead, 
at flun-lielght, and near hori’/on. 

I.Mi olographic canicrii.B eonie V(e‘y (!loH(» to a delinit-iou 
oC a toloHeopc, and honeo should bo excluded Crom tlei 
Hcopo oC tho proHOnt paper. Yet as in all ]n*ol)al)ili(y there 
arc Honio hiindrods o£ poHsuHsors oC <'aniei‘iiH Cor (U'ery 
one who poHHtjsHes an astrononiuial hdoHcope, it Ih perhaps 
not HUporlhiouH to ronund phol.ographerH that a very large 
Hold ia open to thoin. OameraH witli a Cecal length «*r two 
Coot and upwards may he proHiably un(h 1 upon the corona 
itsolf. In this ease tho camera should ho lirmly lixed 
and exposures nob oxciMiding half a second Bhoidd. he giv(fn. 
II' the focal loiigth he not more than Ih times tlio aperture, 
this with ini “ordinary" jdaio will prehahly ho Couud 
f[uit(i Hullicioiit. ]^’or Hhortor focal lengths shortin' exposures 
should ho used. 

Iland camoriis may 1)0 prolUahly employed for iihoto- 
graphing tho huidscapo during the approach and recession 
of tho shadow. A sories of photographs talvon at live 
iniuutOH intervals with a uniform speed of shutter, sncIi 
as Miss Bacon took at Buxar in India, would give a very 
intorosting and certainly vory pretty record of tho hutreaso 
in tho darkness as tho oclipso comes on. 

Filially, a valuahle record of the total light of the 
eclipse can ho obtained hy exposing a plate in a printing 
franio to tho liglit of the corona during totality. Por- 
tions of the p)liito can ho exposed for dilforont lengths 
of tlmo or tho plato itself may ho placed under somo 
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form '‘f ni’ii'i[|i»iijrlri'. l‘'iivlli««r iiiftiriiiiititiii iihii woiilil Iw 
III- ii>iiii|» «liili>ri’ni I'nlimml hi'ivi'iih in cniiiit^i^Uun 
wilh iilali’it of v.ti'ii-il i-tiloiir si-iiMitiii'lirHii, 

Tln' iiH'M ilii'rrii'ihll III •il.iili’li lilt' rnroliii withiilll 

• •lilti-.ll Ill|i| ill!' ono ii|>r|llli/l'i| li|| {)u« IlirgllHl 

III .ill’, uii.'i iliiii iirriiii|;<*il liv Mi’IiiImth nf l)in HriMnli 
Aiii)<’tit*inii'iil Ai>:iiiriiiliiin in I In* nf I'.hh), |{y tlio 

|ii'iiiii:ii>iiiii III' iltii Ilf I III' A.HMtH'iiiliuit, Ilf Mr, |{, 

UiMili’v M'li'ii-. iiiitl "f Mii'!i t*. o. Sli'Vi’iui, I mil I'niililinl 
In ii’|iiii<ltii'i' Mr, iM-inrn'ii inii'i'nilnl ilniwui|{ 

fi’iMi ill*' wlii*|i- of i|ii< M’lii'ii of hlii’ti’lii’H iiiiiiln Iiy Mi’inlH'fH 

i>l' ill" .\ii;iiii i’ilii’ii I'll iliiil ll•’•'a;liol| luci' hVoiiliiiiiiii'n), uinl 

Sl*<\iMin‘ i>’>|>fiiiii" nl.i’lrli iimili' in llii’ I'ily of Ali^inrht 
I'oi i( •t«'iiiili-i| of lli>'M< ilriiwiiii^H t wniilil rt'Cnr 

ill" li-ii'lvr lo til*' (iri'iilllil of till! I’rlijiM! |il|l*IiHlH<i] liy iJlli 
hiiiiiili A •«ti"ii"MUt'iil AiiM'i'iiiiiMii, ” Till* 'I'olul Moliir 1'!t'll]uin 
of 1 
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S'l'AUH BY DAYIjIOJITJ 


anj) thk Bum oi-’ BtauIiHiht, 


Ann tlio HtiirH viHihlo to ordintuy in tlin diiyliiiB! P 

lliov(5 is a widesprcacl l.raditioii that tlufy aro; tliu.f, it 
an obsorvor pliu;cH hiniHolC at tho hottoni of my <livp 
shaft— as of a mino, a woll, or a factory ()hiBinoy~"-whi(il» 
Buiy Hluit off B(!attoro(l lii^lit and rodiuio tho area of wK-y 
inuniiiui,tloii acting on tho retina, ho will ho able to diHcorn 
tho brighter starK without (lillicnlty. The tradition in one 
of a rospoctablo antiquity, for Aristoth) rofors to j)orHonH 
.sccjing stars in daylight wh(3u looking out from cavorns or 
subtorrancan rosorvoirs, and Pliny ascribos to deep wolls 
a shnihir powor of roudoring visible tho stars the light of 
which would othorwiso bo lost in tho ovorpoworing sjjlondour 
of tho solar rays. 


Tho tradition, well fouudod or not, lias oftou Iksou 
adopted for literary effect. It seoiiis almost sacrilegious 
to hint that no star known to astronomers could have 
slioiio down uncoasiugly upon poor Stoidum Blac.lvpool 
during lus seven days and nights of agony at tho bottom 
of tho Old Hell Shaft; that at best ho could only have 
cauglit a glimpse of it for a few miiintos in each twenty- 
four hours as it passed across tho Konitli. Dickons indeed 
does not absolutely say tlnit Stephen watched tho star by 



.si.\|(s II V l» Will) III' I AMt 'lilK SI<M OK tiSIO 
.SIMM. It I HI'. 

iliiyliirlo 1 1 !!• '‘"ly II tVnni Imk ilmiri|H 

i liin lvi|<lini; till* h'julil inii in itn 

ii‘1'111 iilii-ii 1“’ ; 

** I '?,»• .>• > iiiii -I I li> ilni"' hI lll■l■l|lln_v I'U'iii*." 

lint i*' III*' h'lfliiioli liin*;' Mf roiirHi' iiViTV'ilui klliiWH 

tliid Vi-iiM'i tilin' III liitii* tuny In* jn-i'ii i<vi>u nl ht};li 

, l-ni fill'll Vi itii i III In r liii|(])li>iil in timiiy liinrH nvrr 
ili.iii Si 1)111. 'I’lii'ii, I III' iiHsinliiiii'i* ot ii 

|v)< ni • Iiiilili-'V ill'* (•vii'llli'l' lAiirri lo In' llirtl^Tliril III 

Mti'l'liiv : lait I III' iM'i iMiIy ilivi'i^lH |hii oyo n-iiil 

|Mi-<ilIy liiiiil'i I Ini ili'M ii'ilM ttliii'li I III' hky li|'lti n!lirlu*H 

1 lu' kI*' <■) ii't", I'll! if ‘'ii*'iiii“ii''l V iiirri'iim'ii llm liri|*litiii*HH of 

ll.i' niiii ii'lnitvi' i«i I lull. «l. y tlliiiiiiiiitlinn. ‘I'lin iiuki'il nyn 
111 lai’i \ ttf i"ti "1^ iiiii' filin'* Ml I'ltll Mtinlif'lii' nliiiiiiii tit i|tiilii II 

v;li" Wii-i niui'li iti Mi*’ iiiwhIIom, 

i 4 iiii«I ilh* •■>.|>i>)iiiH'itl ill tniiii'H, IhiUi in HiU’riii 

jiM'l ill At i' ll. *111*1 it*ft "Illy fiiili'il hiiiiM'lr I'ViT III iloliict 

n ofnr. lail «' f' V I'lUHi' li*'r*iti!» Illiyi'Ui' will! Illl*! HMihM'wM. 
M'l.'li iii.'i*' ii'.-.*'nllt nil A iiii'il' iHi njiii'iiiinim'i’ Hr! nji ii Liilio 

(••i' ill" |■I1I■^^"|■’ "F Jii'i'iUj; I 111' I’lrillili'H liy llltiyllffllli 
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iiH |)OHHil)lo tlio (lialiuitio of tho ttUiv from Um trm) zoniUi til- 
Uio moiuoni ol; tmimit. 

John Hom-licl mmitionH ti wiho, wliirli 1m roiiHulorH 
JLH HiiliHfiuiloiy tividmmo, of an ojilJciun wlm Hluhja (lial Mm 
onrlioHl, circnnmhiiUH) Unit .Irow Imh aU<Milion. (,0 aHl.ronomy 
was the ro^rular appoavaiKai at a corlain houi' hn’ Hovcni'l 
siKKioHsivo <layH, of a CiniHiihjrahlo alai' Mir(Mii»li Mm Mliafl. 
of a dumimy.’* TIuh, it will ho notiood, Kocoii.l-haml 
oviaonoo, ;t liavo novor Imoii ahio l,o ohtain ovi.'hmoi^ ovon 
HO divoct as MiIh myKolC, MioukIi I hav(> mot Hovoral pormniH 
ivho foH quito coiilhlont tliat tlmy Inal Hcam HtarH hy <lavlii;h(i 
oil lookiiijr tip tho HhaCt of a mino, or that •' mnno oim Innl 
Mthl Miom ho liad tloiio wo.” 

ihit tho valno of wuoli iiuloriiuto Htatoinoiitw iw nil. I 
liavo uiol ovidonoo moro diroot and oxplicdt in wnpport of that 
favourito logoud duo to tho fortilo inmgination of tim 
aOniporor Jalmngir, of tho Indian jngglor who throw a. 
I'oix) into Uio air and ollmbod up it, to diwappoar n,t it.s 
top into Riiaoo— a logoml whioh wtill malntH poriodii; ro- 
ap])(3avanoo8, and liudw not a few dovout boliovorw. Jhil. 
diruut. llrat-hand, woioiitilio towUmony of an oliworvor who 
him boon onablod by Mm imo of a shaft to dotoot starw 
with tho naked oyo at midday is still to soolc. ]\y woiontilu! 
toatimony, I mean tho rocoril of tho day, hour and miunto 
wlion tho star was soon, tlio latitudo of th<i plaoo, tlm 
dejith of tho shaft, tho breadth of its mouth — tho numorioal 
ok'inonta, in a word, which are uccosaary to give valno to 
tho oliBorvations. Thoro must ho not a fow of tho many 
who tako an interest in astronomy to whom the moiiiiN 
for malting sucli an observation aro availablo, and who, if 
they would tako the trouble, could report, “a: havo soon 
fiueli a star at such a time,*’ or. '• I have watcliod for such 
a star at tho tiiuo of its transit across Mm zoiiith on so 
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many occasions, when tlio sky was clear, aiicL eonlcl seo 
nothing.” Such observations would set the question at 
rest whichover way they tended ; but what aro wanted, 
here as else where, aro dofinito observations, carefully made, 
fully and systematically recorded; not vague, second-hand 
impressions which aro ])orfectly valueless as ovidenco. 

Whether or no the use of a shaft to diiniiiisli tho effect 
■of shy illuiiiiuatioh, and so to render tho stars visible by 
dayliglit is practicable, it suggests a method for dealing 
with what Prof. Kowcomb in a recent pai)cr has justly 
described "as among tbo most important fundamontal 
constants of astrophysics,” namely, tho value of tho total 
light of all tho stars. In tho paper* alluded to, Prof. 
Howconib jioiuts out that the " total amount of light 
received from all tho stars may servo as a control on 
theories on tho structuvo of tho universe, bocanso tlio 
amount of light resulting from any theory should agree 
with tho observed amount. It is also a quantity which 
wo must regard as remaining constant from ago to ago.” 
Yet, strangely enough, very fow attempts liavo been made 
to detormiiio it. Ono of these was made hy Mr. Gavin J. 
Burns, t his method being to compare tho brightness of 
tho spurious disc of a star scon out of focus in a tolescopo 
with the light of tho sky. Tbo eyepiece of the telescope 
was pushed in and out until tho hrightnoss of tho spurious 
disc sooinod to correspond with that of tho sky. Prof. 
ITowcomb, two years later, adopted several plans, his 
purpose being a twofold ono — first to dotorniino tho relative 
brightness of difCorcut portions of tho slcy, and next to 
expross tho brightness of given units of Biirfacos in forms 


* AslTophysioal Joun'nal^ Docombor, 1001. 
t Jow'iial Jirilt Astr, Assoe., Vol, XU., p. 212, 
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of star magnitude, from wlionco iii turn tlio lii'ight.imHK of 
tliG whole heavens in terms of Htiu'liglit may be inPerr(.‘d. 

Prof. Iifew comb’s first plan was to use a small tube, the 
length of which ho could easily vary, tlio ends of tlio tube 
being covered Avith caps having aportnros of varying diamoI.erH, 
and to ineasuro thoroAvith the smallest area of slcy Avlneli 
was certainly visible to him. A Hocond method Avas l»y 
means of ainall mirrors arranged so as to enable differoiii, 
regions of the shy to bo com])arod directly. hVmghly 
spoiUcing, the Galaxy appeared, surface Foi’ surface, about 
twice as bright as the sky outside it. 

Por the determination of the brightness of dilhirent 
areas in terms of starlight a concave Ions avhs us(!d, so as 
to spread out the imago of the star into' u disc?, and the 
bvightnesa of the expanded imago Avas cut down by moans 
of an absorbing glass to that of the sky. Tim n?suUs 
appeared to point to a value for the total starlight of from 
600 to 800 stars of maguitudo 0, whilst Mr. Qavlu Burns, 
by different methods, fixed the valuo at about 400 stars for 
one hemisphere, or 800 for the entire hoavons. Both 
results, though more accordant than might have boc.m 
expected, can only bo regarded as first apiu’oximatioim, and 
there is abundant room for many other obaorAmrs to follow 
those pioneers, and supploinoiit their work. 

One method for comparing the light of the sky in two 
different regions would bo by means of some such simplo 
apparatus as the folloAving:~A tube, bout at right angles, 
should bo fitted at the angle with a pioeo of (?ard jilacod 
al; 45° to either arni.^ The card should bo paintt?d a (load 
black all except a white cross in the coutro. The observer 
should look cloAvn one arm, through a diaphragm about 
i inch in diameter, and yieAv tho card, Avhicli would be 
ilhnnmatod by the light coming doAvn tho other arm, and. 
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in tilwol III, illy no iiliiud or miHii in l.lio nicy. Hub (Jioro sl ill 
vonuiiiiH tlio ([iioaUoii wlioUuir tlio j^onoriil illnniintibioii of 
Uic hK'v iloi'H not vary from time to linn}. TIiuh, two 
olmon'ora of tho vory lirHt runic, Mr. Dnnuinjr and. Mr. 
JliuilcliouHO, luivo v(u.H)rdo(l tluit in AiiKimt, IHHO, tho why 
was uuuHuiilly li|j;-lit. It is oloar that tho suni total of 
Hl,iirli}^lit oiinnot, vary from tinio to tiino, and if tho li|,(ht 
of tho nicy is difforout on ojio o(!oa.Hion from, that whioli it 
is oil anothor, allowaiuio, of (lourKO, hoing iinido for any 
annual variation, duo to tho Milky Way or aomo td tho 
ln'i|^‘htor ooiiatollatious boinj? in an osiauiially favouraido 
position, tlioii this variation in luminosity must ho duo to 
Homo oiiuso oliluir tliaii starlight. Ovor and aliovo, thoro- 
foro, tlio two vory important roHoar«lioH,-™(a) of tlio 
rohitivo hriglitnoHH of difforout portions of tho lioavons, 

and (ft) ol: tlio total snin of starlighl;, -tliofo will roino tho 

cpiostiou as to whotlior thoro is in addition any vartahlo 
Houroo of luminosity, and, if so, what uro its naturo and 
origin, and tho laws and causes of its ohaugos. 




OHAPTElt IX. 

Yasioiib Bxt EmcTB. 

Tiimrb ore corlaui pluniomuQu. 'wliloli liu rory noar tho 
borclor lino of natronomy and nioteoiuloffy so nour that it 
ia diiHotilt to lay whioli Boiuuco Inui tho stroiigor uLiini to 
toku noto of them.'' Amungst tlioao, jxirhaps tlioso irlildi 
hiWQ tho host okiiiL to ho inuLudud iu Uio duparti^iunt of 
iiBtronomy aro tho Btmimo hrif^lit doudn whidi waLV dis* 
ooTorod by (hmuki, ajid 'whiuh weru aftorwurda niado tho 
objuot of carefal study by 0. Jossu. Tlioso LnmlnouB Klght 
Olouds won uttorly unliko any iihonoiiumou Mrhiuh had )}oen 
])ruvioua1y roootded, aud thoir disoovory, liku ihnt of tho 
GkigQnsQhoin, was a ulfrllclng uvidonoo tliat not uron yofc haro 
tho ddds of work whloli llo oIomo at haud boon all uxplorod. 
Thoro is still an araphi harrost to be roapod in moio than 
cue dinotion by the man who can romfuroo an ubeoirvanb oyo 
l)y thooghtful pationoe. 

ThoBQ luminous clouds wore not tIbILIo at oveiy tdmo 
of tho j&iXt but only during tho nights of snnutior t ihslr 
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poruxl oi’ vmllulity Cor Horlln, whoro Morr .Iohko olworvotl 
lluMii, l)ohi<^ from May 2:5r(l to Ani^niril. 11 Mi; ii in'riod 
oorrw|)otHlinf»: iiuarly to llio Koason of conlinual twili^'hl- 
i‘or i.liat liitlt.vulo. 'I'lioir was ilttrivi’d Croin I ho smif 

Avliioh ihirin<*’ that houhou is novor iiioro than IH*^ holow 
till! iiortliorii hoi’iz(jn, thoir Rn'iit lioijflit ahovti tho surhin* 
of tho oarl.h oualiling thoni lo oatoli liis rays ; Cor tint 
tiompiirisou of plioto^raplis lalcon of lliom from (liftortmt 
stations slunved that thoy raii[ftMl. from lifty to lift y- four 
miloH ill olovation, or ton tinios tho lioifrht Httiiiuoit hy 
light (urrus clouds. 

In Jijipcaninco thcsu niglit.-clouds wm'o of a hrilliiiut 
silvory-whilonoHs, slightly tinted at tinics with hhnt if 
near the /.onith, or with a roddish-ytdlow lingo if near 
tho horizon. They wore woolly and striated in charachtr, 
and repaid oxainimitioii with a rudd-gdiisK of largo apiTtun*, 
hy means of Avhieh thoy might ho traced considorahly fiirlhor 
than tho naked oyo could follow lln>in. 

Tin.! discovery of an order of elmids at a height ahovo 
the earth so greatly exceeding anything which had ever 
l»eou observed, oven of tho lightest eirrus, Avas rmimrlcalile 
enougii. More remarkalile still Avero their varial.ions. h’or 
they Avero not by any means a permanent pheiinnK'non, 
and diuiinlshad in freipioney of ai»poaram!o irom tho time 
of their first discovery. Ij’roni 1,885 to 18811, they Avere 
soon hofore midnight; latc'v tlioy eonld only ho dideidod in 
the morning hours. Tlioir niovoments Avere moro iutere.st ing 
still, and wore sueli as might ho (-uused'- so it has heou 
suggested- if, tliougli travolling with tho (sirth, thoy wore 
but lightly Bubjoct to its attraction, and oxpm'ioiiood some 
I’otavdatioa as they travelled Avitli it. 

From any point of vioAV tho oxistoneo of thoso olomls 
must bo regarded as most roimirkablo. That clouds sbouid 
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our atniospliere aud sIoAvly sabsidiiig- 
1887 the ring still remained, though it could then bo 
only traced as a peculiar white haze to a distance o£ 
about 10“ 

The third result of the eruption of Krakatoa was the 
occurrence of "Afterglows” at sunset and "Foreglows” at 
sunrise. These were distinguished from normal sunsets 
and sunrises in that they differed from them in the time 
of their appearance and tlie place or quarter in which they 
were formed ; in their periolie action or behaviour ; in 
the nature of the glow, which was both intense aud yet 
lustreless ; in the regularity • of their colouring ; in the 
• colours themselves, which were impure aud not of the 
spectrum ; and, lastly, in the texture of the coloured 
surfaces, which were neither distinct cloud of recognised 
make nor yet translucent mediums. The regularity of 
their colouring was particularly striking. 

" Fouv colours in particular Imvo boon nolicoablo in tlioao after- 
glows, nnd in a fixed order of time and place — orange, lowofit and 
nearest tVie sundown j above this, and broader, groon ; above this, 
broader still, a variable rod, ending in being crimson 5 above tins, 
a faint lilac. The lilac disappears ; the greon doopons, spreads, 
and cnevoaclies on the orange ; and tlio I’cd doopons, B])i'eiid 8 , and 
eneronebos on the green, till at last ono red, varying downwards 
from crimson to scarlet, or orange, fills the west and south.”* 

These magnificent afterglows reappeared, but on a 
diminished scale, after the Martinique eruption of May, 
1902. A valuable letter by Prof. A. S. Hefschol appeared 
in Nature for July 24th, 1902, describing the afterglow 
of June 26th. The sun set about 8h. 26m., and a quarlior of 


* Gerard Hopkins in ifaiare, January 3rd, 1884, p. 223. 
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t\*.Dl'l .I|•|■>■ kl !<• t*>f >Im>' >*• lli<‘ Vi'iiliiili of II k'l'tli'rlivp 
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Ill Illl--' '.v.iJ II I *l''iili< ) III t.||o lliii'ly liivttliMl 
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• |i'.|.|i':|..i.'|l Ilf ill*' <.>II| ll*'l'it\ lll« llol'i.'-lll (ll Illl' IlMM* will'll 

lilt: (mfli' l l•■'^»l<ln> •*( 111 " i:l''W i'l ••!' i'l al noliii' 

llrltMlI" iiUilll'Io, r<l' lr-i|ll III" I'lxv.ll jilll Ilf Mill /Olli’H of illl 
l4ll-,;>|ll«":: 1 111 Oll'l Mill i'llif 1 ll'l |kl-||l*l folUI't 

lIio (ili'l ill mil ol lllll I'l'lll'l' 1 1 VO ( 111.1111111 nil •filin' ttlil ll ll'l 

ikl'.'Mt lU*' iMili'" ; iiliil^l <<M iImiii' il'dli. III’ *''11 i mill ■’•I " iIk* 

niiii'fk |iii>li|k|; tl|iMiiiit<ii i'lii of ill'' 'ily lo loiiv I'liliiiii' III mil 
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in u ell more than 30 minutes after sunset, and the height of 
the dust stratum in consequence as about 7^ miles. 

Tliese intervals ivero very distinctly shorter than those 
remarked in 1888 and 1884*. The primary glow after 
Krakatoa averaged 54* minutes after sunset until its 
disappearance bn the horizon ; the secondary averaged 06 
minutos. If the secondary gloiv be duo to direct sun- 
light, the average height of the stratum causing it must 
have been nearly 40 miles. But if, as appears more 
probable, the secondary glow was due to the same stratum 
as that which produced the primary, being in fact a second 
reflection from it, thou the mean value of its height would 
be about 11 miles. * 

On a bright clear evening, as the sun goes down, an 
interesting phenomenon may often bo watched. If the 
observer turns his back on the sun, ho will see in the cast, 
immediately after sunset, a long dark lino spread along 
the horizon. This darkness, which is indeed “ the Shadow 
of the Earth,” thrown upwards as the sun goes down, 
rises somewhat rapidly, its upper edge, uiidor favourable 
circumstances, being quite sharply defined. This “shadow 
of the earth,” which may be made out more or loss dis- 
tinctly on any clear evening in a suitable locality, and 
is especially easy to watch at sea, revealed itself in a 
very iutoresting manner in the case of tlie luminous night 
clouds described in the beginning of this chapter. If the 
clouds were seen in the earlier portion of tho night, that 
is to say before midnight, then tho shadow of the earth 
covering them little by little would darken them fron^ tho 
top downwards. On the other hand, if tlioy wore first seen 
after midnight, then it was the upper edge that lighted up 
first, the cloud rising out of the shadow. 

The ” Earth’s Shadow ” came strongly into evidence in 
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plujuonicnon ifi proHoiitod at Hiinsdil. of “ Oroimsculiu’ 

TIiohu jLi’o buoiu’l i^tinlc ribiiiulK of li|jfht divin’Kiu}' liko lln! 
kUoIch oi! SI fsui from tlio point wlioro tho Him has just |.fono 
down. 'I’lioy aro formed in a very Hiinilar manner to the 
rayn of light winch we Hometiincs see in moiHture-hideii air, 
when tho miii itself is hidden behind a dense cloud, and 
which children arc accustomed to speak of uh “ tlie sun 
drinking.'* In the latter case, those bands of liglit aro due 
to the Him shining out from lietwooii irregularities of tho 
(douds, and lighting up tlio laden air, which shines in the 
path of tho rays just as tho particles of dust do the 
motes in a aunheam” — •Avhon light is admitted through a 
KitiaU aperture into a darkened room. In the ease of (.he 
<svopUHeulav raya, inonutaiu ridges or hanks of elond may 
servo to iiailially intercept from tho upper atmosphere the 
light of tho sun which has sot, tlirowing tlmir shadow.s 
in long linea upwards, whilst the sunset glow shiiios out 
in tho intervals hotwocn tho shadows, and is soim hy us 
as a radiating system of broad pink struameis. Ilei'o 
in I'lugland it is rare that theao striniiners can lie (,rar.«*d 
very far towards tlie zonith ; they aro usually lost as (hey 
pass overhead, though sometimes their termination may he 
aeon aa counter raya in tho east. Ool. E, E. Markwielv,* 
liowoYor, records that ho has seen the rays in 8outh Africa 
night after night extending from horizon to horizon; the 
radiation from the west and coiivorgmico again towards 
tho east hoiiig, of course, an elfoct of i)erspcetive. In 
tho case of the Krakatoa sunsets, Pi’of. llicco romarkisl 
on Bovoral occaaions theso cvopusmihu' rays as lieiiig con- 
spicuous in tho primary glow, hut they were not aeeu in 
the aocoiulary, a furthor proof that tho former was due 
to direct, and tlio latter to relle(5tod sunlight. 


* ICKOWMoau, 1001, April, p. 88, 
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If wo lm)k lu.'L'tiiu wiilnr towiirdH Uio Rotlln}; Mini, wo boo 
a Ijrotul tnurk of lighl. oxloinUnn fn>m Iwlow llic* HUiiV 
pliLOu towanlH im, duo to Ilia rulluolioii of llio hiiu fnuu IIh> 
Hiirriuio of tlio wiiTOH. It niH:iLHi»niilIy ImpiNinH that an 
unnIo||ouH mfloolioii in prodiuuHl In (>bo air from tliu iiuiLt 
Burfacu of iiMj-dliiiH (loot in liorijCDiiUlly. In LIuh cumo a 
▼urtiual Hliiift of ll^ht ih priMlueoil, rlHlnif from Iho Him nn a 
Imuwj, wliioU w known iih a " Hiin-l*illar/’ and of wliiuh a vnry 
lino oxainplu wim hoimi on Maiv.li (Ith, 1002, over Uio ^roalur 
IHirt of mnikliurn l^iifchind. 'J?liu dliTurviiuo Uttwiuni fclio 
fornmlion of Hiiuh a Mun*pillar and tlin Krakatoa atkorglowii 
doLMmdrt pivrLLy \ii»on tlio groator nlovalloii of Lho HtniAiiin 
Uiviii^ ri«o to Uio glown, and juirtly hocanimi of tlm Hniull(ir 
ulvui of tlio iMirtirloM fortniiin it. Tho onllnary atnioHplinrlo 
]4irtiuliM am vary Hiiiall iioiii|)a>iHl with Lho wnm-lon|jLli of 
li(jht, luid Kiiiico mnitliir oHixMiiiilly tho Hliortur niya, fchoHif 
pitiduolnif lho BOiiMatlon of Id no. Tim |iarthrU» of tho 
JCi'tUcaUta diiHt worn larKi* in ooniparLrton with thorn, and 
hojnw wsittoiiMl nilhor tho myH of Ioiik wavu-lonKth— tho 
rod. myH, 'J.*ho irompoHllo ofTnol of Uio i^Iowh Ihumfom 
itMiillud from tlio hiloraclioii of thoao two dUToi'ont 
onluFH of partloloH upon llio niyn iNUMliift throiiifh 
Uioiii. And ovor and alaivo thu tlnlior and iiiuru 00111- 
pUtiatod wuiiwfc indonw that worn Llnw prodiiiiml, thoro 
wan lho mllootlou of tho Hiinimt ^low itiujlf hy a 
Hlraluiii of highly wlluotlvo duMt parlirluH at a Kraut 
olovatlou. 

'‘Thun wu may probaldy oonnUnlo tliat tlio luuso whloli 
fullowoil Uio umptloii of Kmkatoa. and piiMliieod Uio 
twilight glowH, wiw oompoiMHl mainly of Tory lliio diwt, 
and tluit tlilH diwl at a gniat alUtiidn rollefUid tlio light of 
tlio ButUiijif or rlning min aftor dilfnwtioii throngli tiui 
utmbiiin and dUTraotloii and alworiiLloii hy tho lower 
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iit.uiOHplK*r(!, lunl Htutondiirily iii'iiiii rolIrcliMl Mi in n'lli'i-tcil 

Vii'Ur* 

'I.'Ih! lioiivoiiH Ill'll Mill jn'ovinro ol’ Mm iisti'iummt'r, iln* 
iitnKiSjthi'rd ol Mio inoUiorolof'irit, mill nil tlio viiiiouH 
plioiioiiunui Miiil liiivo liiuMi rofiirrt.'il f,o iilmvc In'lnniJ In fin* 
iil.iiios|ili(mi, iinil lioiu'd nioluorolof^y iiiiiy In* H;iiil lo Imvn 
II iiliiim ujiou Miiini. Iliil Muty tiro iliHlii»j»iiinlii'il rrinii 

piiroly moUMn'olojriciil ohjocl.H huoIi tin Mio viiriiMin onlorH 

ol' clouds, riiiiiliows, hiiloos, parludia. mill llio liko- -in lliitl 
Mioy aro coiinuclod dirocMy willi Uui oiirlli’M rnliiliun, iind 
wil.li ils poHilioii rolalivcly lo llio suii. Tlioy iiro jilioitonioiiii 
ol llio oarth iin a planol rallior llum ol llio ottrlli coiiiudot’oil 
fiH a world comidolo in ilmill', ami Troiii IIiIh jioiiil of view 
inay lio considorod as l)olon^iii(j[ to iiHlroiioiiiy, Hut llii'y 
llio rolorroil lo liorc, uol ho iiuicli on lliis iiccouiil no Iroiii 
Mio illiistralion limy ari’onl of llio valuo of llio Imldl of 
oxiicl obsorvatioii, “Hoionw,’* ilium boon oftoii Hiiid, '* i.-i 
luoiiHuromonl ' ; il iiorlaiiily dojioiidN upon Ibo rocord of 
pboiioiiiona ill iiinnorioal forui, Tlio diHoroiK.'o in valiio in 
iniiuonso bolwoon llio numt vivid and picliirom|im doHcriplion 
ol: a (lif/|il of a nioloor and llio liaU’-do/mn nniulicrH wliirli 
give llu! linio of iU appoarauco, its brigliliiOHH, and dnralion, 
and 11)0 prociHo posilion of Hh jialli. It is only llio latitor 
which aro of ponnanont valuo. and it. is only fnnu Mm liabil 
of rogisfcoring the idiviouH faok coniioclod with a jfivoii 
phoiiomcnon lhal Iho faculty ih dovolopod of rocogui/dug 
other points needing nmnorieiil exprossioii and record. 
I’hus in llio ease of tho boaulifnl aun-pillar of Jdarcli dlh, 
1002, though many vivid doscriptiouK wore wrilleii of il, 
so fur as I know only oiui obaorvor noted what Hlionld liavo 
boon apparent to all, namely that the pillar moved an 


* Hon. Hollo RiisuoU i “ Tho Enijitlim of Kmliuloii," p. Hjr>. 
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\^AUlAilhK HtAUH. 

I'L’ is iiioro than Llirt'u conturics af^o siucd Davit! Kaln’icius, 
DUO of th(i (iavliosli ohsorvtu’s of smiHiiols, iiolioot! lliaf 
a st.ai’ iti OoluH, wlilcli Ikj had obsorvod in August, irdlli, 
lo ho of tho ih’d mai^uiliudo, lunl diHapinairod hy (hdohor. 
’’I’liis appoaroi! an ohsorval.ion (d jri'oat inutorianoo, siin'o 
it Kuoniod lo show that tlio lixod Hturs ii,i‘o ind- all td‘ 
tlioiu [Mu-inanoiit, hut that tlioy miy[ht dio oiil.. Sovon 
yours lator ihiytir rooordcid a dtli uuii^iiituilo slar in 
]»rocis(3ly tlio aanio position as that which l‘’ahi'iciu.s had 
notod to havo disappoarod. lltn’o, Innvi^voi*, tlio niatlor 
rostod for an outiro ('oiioration, and it was not ttniil 
l(l!5B that IXolwfti’dii dotootod tho star aj^ain as of I ho 
:h’d niaonitiido in :i)o(!oinhoi', lait found it disappoar in 
tho folkmiu}; sumnior to roappoar again in tlio antuinn. 
This star, thoroforo, Omioron Ooti, which rocoivod I’roin 
Ilovolius tho naino of Mira, tho wondoi'fnl stui*, was tint 
first to honomo known as a poriodici variahh;, 

Tlio lirst star, that is to say, in Idstoric tinum. 'I’lioro 
is another more striking ovoii than Mim, whieh it hooius 
likely was noted 1>y tho forgotton astroiuiinors <if Araliia 
or the valley of tho EujdnutoH ciiiitnries he Co re oven 
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a.ucl are good comparisou stars when Algol has begun 
to fade.* 

It will not be long before the observer will find that 
his star i.s imclergoing a change, and that it no longer 
nearly rivals Alpha Persei or Gamma Andromodm in 
brightness. Directly this is noticed, systematic observa- 
tion should be commenced. A star should be chosen, 
reasonably near, distinctly brighter than the variable, 
and a second star distinctly fainter. It is usual among 
variable star observers to estimate these difforoiices iii 
“ steps,” these “ steps ” corresponding generally to about 
a tenth of magnitude, though probably the bogiiinor 
will make bis steps considerably larger than this. The 
central principle, however, is that two stars should 
be selected, one of which the observer decides to 
be clearly fainter than the variable, and the other 
brighter, and yet both of them pretty near the variable 
in brightness. The student should further bo careful 
to record whether the difference between the variable 


For ft list of abanclai'd tnagnifcudce, the observer cannot do bettor 
thou pvoonre cither the “Oxford Uranomotria,” or the “Harvard 
Phommetry,” either of whioh will give him a Bufllciontly comnlote 
catalogue of tlio magnitudes of the ‘•lucid” stars j that is to say of 
the stars visible be the naked eye. There are slight difforeuooa 
between the two catalogues, and, therefore, it is well that the same 
catalogue should bo used throughout j the two should not bo used 
indiacrieninatoly. 

The student will be able to practise himself in the recognition of 
the value of a stellar magnitude by the study of five of the prinoipnl 
stars in Ursa Minor; viz., Alpha, Gamma. Delta, Theta, and Lambda. 
These rank, according to the “Harvard Photometry,” as 2'2, 3*2 -P3 
6-3, and 6-5 respectively; in other worde, they make a nearly uniform 
sones with a common interval of very slightly over a magnitude, and, 
being all close etrciimpolara. are always high in the sky and ready for 
compamon, ^ 
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and tho faiotor itur ime oqual to, grcatei* Uian or len than, 
the difforenoo betweeo It and tho briglitor. An obsormtion^ 
thoroforo, might run lu follows 

Sop. Id. 11b. 15m. 2 > a 8 < 5 
whero A and I aro Iho hro oompariiioa stora. Tliia would 
mean that at llh. 15m. tho variablo wiu noted to bo two 
hrightor than a mid three stops” faiiikir than 
h ; in otlior words, that it is alightly nearer an eq^uality 
with a Uian with h. 

If the obeerrer pmutiBes tho ostinLation of " stops " in 
tlio following way he will soon diul It imioh more delicate 
iJum ho could ham Bup])osed nay mothod apart from 
iustnimontB ' oould possibly lie. If two siars of equal 
brightness oro lookod at fur a few sooonds, first ono will 
Bouin to ho tho brightor, then tho otlior. But if one is 
Tory slightly tho fointor of tho two, it will still saom the 
brightor sometlinos, hot not qnlto so oftou os tlie other.. 
'Whore this difbronoo in tho froqosiioy with wliloh one 
roains tho brightor is jnst porooptiblo, then tho di-Suronoo 
lu put os OHO " stop.” If ono star is gononUly tho brighter, 
but soinctimOB tho two appear equal, tlio dUfoiuneo wiU bo 
two “stopB." ' Tliroo ” stops ” wlU. be indloatod If one Is. 
always, but only vory sllglitly, tiio brighfan-. 

Of oouTso Uion is no roason wliy the obeorror. shonld 
oonfluo hlmsulf to two ooinparison stora To begin with,, 
indeed, it is woll that lio sliould try more; lioariog In. 
mind that the stars diould bo os noorly as possible at 
the samu nltitudo, as- a morkod dlfforonoo In ilte height. 
aliore tho horlson wjjll luiTO a oonddorablo OLOfuob npon 
the OHliinatloii. 

Another oaiition to bo home in .mind Is that no effort 
should bo mode to soe tho roriablo and the oomperison 
star at tho same momont. This might moon tliat tliehr 
Inmgoe foil upon portions of tho retina dlllorontlj sensiliYO. 
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lioili .HliirK wlumld bp l(nik(5('l iii ilirci’.Uy, unit Mn» (.'y*' nluMild 
lu! tiinuKl qiiiclvly from om* |.o t.ln> oMut, buckwiii'd ;iiul 
nu’wiird, until tbo obsorviu' \h siiiinlioil wliioli \n (.lie briidilor, 
Miul l>y wliiit iiimnint. 

Jl-U-viiiff iiitulo oim Ki’t of «alis (‘in' lory ol)M(irv)i,l bnm, tint 
stmlmit Hlumlil Itiiivo Urn Hl.ur for n wliilo hih' for liulf- 
iiii-hour— ami. Mien malm an ontindy IVohIi hcI. of obaoi'.. 
vatiiaiH, II lio kIioiiIiI bt* lorl iimilit (moM^(li l.o liil ujmii 
tilt! <.iomni(!U(!oimmt <>f a iiiiiiiiiiuiii liia hocoihI olmorvalioii 
’will whow him llio ular Hoiiiowliut fuiiilor llinu (Im. liinl, 
iiml tlu) (lillbromH) will boitomt! nionv itiai'liod at a lliii'l 
observation, The oiitiro ])orioil of dcM'limi ami riM'ovorv 
for Alf'ol is iiino houva, tlio lif'lit fmliip^ for .t,^ looin., 
inmitiiiiiiig (lonstaiit for a ’ fow minutoH, ami l.lam 
^'radmilly iiioroasin}^ a^uin for another jM-rind i)f di 
lioiii'K. Jim lififlit cliau(^os thoroforo at a uionf. nt|>id 
raJo lit a, bout 2} lioura before iiiinimtiiu or aliout tlio 
HaiiKi ink'vval aftorwarda, tliat is to aay wlmn tlio oliaii;:<.- 
is about half ooniplotod. 

J. lui ol-iKcrvatioii in u Him|il() oiio, witli iio ii{'i'oH)'iOrioi'i 
of brilliant li(>flit or idoasinK colonrs. Yot tlio yoinijj 
obsorvor <;aiinot, wo think, but o.xporionco a roul jdoasiiri! 
when for tho first tiiiio his olisorvatloim, oarofiilly and 
nystoinatioally inado and duly nsoordod, show liini boyond 
a doiilit that ho is witnossiu'? tho dimming of tho Doinoii 
Star; that ho is walohiupf aoroas vmtohl millions of 
iiiillioiiB of inilos of space the sii^maUinK of that far 
distant sun. IMioro will ho a sense of aohiovi.nmml, 
H'reiiter amt not loss becansw it hiiH lieeii aecoinplishod 
by his nnaidotl sight, than if )u, had had the hel|> of 
Boino great instrument, and if there bo in him a,ny|.hing 
■of tho stuff of wliioh astronomers are iinide, bo will 
nm eagerly to look for otlior objects of stmly. and 
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will wuit with maoli intGrost for oilier ; opportunities of 
walohinif Algol. 

Ho will not soon oxhauat this 8eld of work which 
Algol boa to oflor hiin, Mniiinmn aftor raiDiiniim 
Hlioiild bo carofully watohod so oa to dctennhifi the 
jioriocl. This of oourao is now known with the utmost 
oinutnoss, oveu to tbo thousand tli part of a acoond, and . 
the puqioflo of tho studonVs making an independent' 
dotcnnination ie for his own training in the work, not 
for a dosor approximfUiou to the true ulomenbi of the 
star. HoTortliDloea It has been by the oontlnual repotition 
of mioh obsorTntions, long aftor the period waa precisely 
known, that iniuato yniinilons in it baTO been dlsoororcd, 
iind tlio abudout should certainly not drop Algol from 
luR obaeirlng list until ho has been able not only to 
work out a period for liimsdf, n-nd so to jirodiot hi 
lulvanoo fiiburo minima, but olio to doteot an apparent 
im^ilority in tho period which is known ni " the 
Miniition of light,*' and which ia duo to the fact that 
light tttkoa some 10 mlnntcs to cross tho orbit iif the 
earth. Minima which aro obsorrod In KoTombor, therefore, 
whon tho Qorth is at its nearest positiou to Algol, come 
earlier than tho aTomgo{ thoao in Hnr(^ and June come 
later. 

It is of ounrao wnll known now that the Tariability 
of Algol ia dao to its having a dork oompanton whidi 
rovolves round it in about 09 hoars. The variation in 
Beta Lynn ia of a moro complicated kind. Here there 
are two minima, one loss prouoonoed than tho other, and 
we infoT therefore that In this ease both ators aro bright 
and that thoy altomaidy oolipse each othor. The variation 
ia losH than with Algd, bdng but little moro than a single 
nmgnitude. 

Delta Oophoi has a variation of inuoh the some amount 

T 


AHTitONOMK'AL 0 It.S Kll V ATIONH WITIHU'I' A 


IIS tiofcii Tij'ms l>ut it (lilTerw lliiil. slur in llml il Inis 

11. hIow ildclino iiiid ii <(iii(!k tin' ilcrliin* ln’iih‘ 

5H limii'H, iUo I'lMtm'ory 15H. 

U in, linwnvnr, ratln’i' witli tlin viirijiJili'n of 
|uirL()(l lliiil, thn Htmlout Avill iinml. (ii'i‘ii]iy liiiiiHi'll'. lunl 
oC tlioHO Mini Uoti in tJin ninst iinti'Wnrtliy. Itn luiidit 
ncHH at iiiiixinunn viirini] titroU|'1i wifln limits; sonn'l inn's 
it Kwiraily oxiumsiIh tlm Titli miii'nitmlc, sonu'tinn^s it is 
(lUtiiUitly brljiflitov than tiio 2n(l, hut usually It rniiKs 
hotwoon tin; 'Inl iiinl tin; 'ttli. It is Ihiis alwnyn widiin 
tin; luiigo nl! uimNsIstDil sij'ht at maximum, Imt It i^nrs 
down l‘iu‘ Ixdow that nin^o at miiiimimi, its fniiilrMt 
lijjfht Imn^finiJ!' h, down in’imtioally {o tlm 10th miii'iiitmh*. 
Till! “ uHtrommior without a toloHoopo ” thfn>ron' «‘iih only 
watoh it at its imixiiua, hut thoso form lor Mini (Vti Ihi' 
iut(!r(!8tin{' phaso. Tho othor (hns! stars iirn at nil tiums 
Avoll within tin; raii|^o of viHion. A toh;Nooju>, {.Inni'roi’i', is 
not noodod for thoin, and it Is nmoh hot tor that il slnnild 
not ho uNod. 

Tho four stars ahovo uioutioiUMl aro tliiis oaidi (In* tvpn 
of a dilTo rout class of variation. Alj^nd is tho typo of thi* 
“oclipso” stars; slars which rotiiin ilmir maximum liidit 
for tho f^reator jiart of tho liino, hut which, at oxwodiiifrly 
roprular iutorvals, suffor a diiiunuthm of li^jflit, tin* diniimi. 
tion and tho rocovory takin^^ placo with tho same spood. 
Tho variation in thoir cuho is not dim ht any ohnnf'o in 
tho lii'ht-jrivin^T powor of tlm star itsolf, hut to tlm 
intorpositiou of a dark satolUti; hotwoiMi tlm slar and 
ourHclvoH. Two othor lirifrht sliirs iirn known of tlm 
Hamo chiHH, vi/,., Lamhda Tanri and Doha Inln’m, tlm formor 
with a imriod of nearly A, days, tlm lat(;or with ono nf 
nearly 2|, days, h’l'oin tlm charaotor of thoir vavialimt 
they aro rather dllliciilt viiriiiblos to discovtu’, hut tlm 
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uumber oC known inombon of tbo oIhsb bonda to increoae 
Boiiiowlmt rapldlj. 

liotu Lynn, a ntar of “ rooiprooaL eoUpae," baa no nnoJogne 
oinongnt fcho briglitnr stais, bnt forma a oIum by itaolf. 

Delta Oophoi is a typo of tlio " Bboit-poriod yariablea.” 
In iJioso stars tlio light is oontinuiilly Torying, but the 
rocovory is, tis n rulo, sluiriwr than the dcolino, Tho period 
is fairly rngnlor, oitcndiiig only orer a £ow days, and the 
nicnubtYTs of the ohuu an libiiost entirely oondnod to tho 
uoiglikourhood of the Milky Way. Eta Ai^^uihn and ZeUk 
Ghmiinomin, S Monocorotis, W and X Bogittoiii, S SogittCp 
and T Ynlpeoiiho belong to thia iliird dues. 

Tlio fourth ohuw, that of tlio long-porlod variabloa,” is a 
voiy numcronB ono. In this olnss tho dhangos of brightnoss 
on ofton oioossiTO. tlio nuigo for Mira Ootl is ofton 

Boron inagnltndoa ; for Olii Oygnl it is oiglit ; tliat ii to 
tsiy, tbo light whloh nnwiliea ofl from tbo sliur at maximum 
In 1(100 UniOB us groat os tluit wo reouiyo from It at mini- 
mum. lu thii oloBs, both Uin nvriatlon itsolf, and tho poriod 
In whioli it takes place, am apt to l» irrogular. Thus, as 
aJrooily statod, the maximum of. Mira Ootl somotiraQS hue 
rnnkod It abovo tho second uiognitnde ; aometliuos it aoucely . 
oiiMMxla Uio AfUi. Its mtjon i>oriod Is 831 days, but thia also 
undurgoos (InnUiations. Of tho star* In this olsss a large 
proportion haro jicriodH of from 10 to 14 months. Besidos 
tlio two stars alroody moutioned, Bln Qomlnorum, B. and 
U Hydno, IT Orlonis, W (34) Bootia, B Lyra, T Oygni 
and Bho Porsei may bo noted as bright momben of tbo 
oIahs. W Bootls, T Oygni, and. TJ Orlmils haro periods of 
obont a yoor, and B Hydim of 4flB dayii, whilst the period 
of E Lynn Is only 40 days. 

Tho fifth doss oonsista of tbo "Irrogulnr TariiblBi,*’ 
Bt^ for whloh no law ns to tlw timo or amoant of tholr 
variation has as yot boon dlBobrerod, Pour notable Btora 

I S 
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'beloaig to this class: Alialia Ciissiojaoiio or Sclicdiir; Alplia 
■Orionis or Betelgeuso} Alpha Horcnlia or Has al ; 

Beta Pegasi or S cheat. 

The study of variable stars lies on tlio borchir-lino of 
" Astronomy without a Teloscopo,’* for thovigh most of tlio 
above-named stars and not a few more eau bo sufliciontly 
well observed with the naked oye, there are very jiiany which 
require considerable toloscopio assistance. But the liold 
of work open to the possessor of a good opora-glass is 
.sufficiently lai'ge to satisfy the most industrious obstirver, 
whilst as — to quote Mr. J. E. Gore, ono of our highest 
•authorities in variable star astronomy — “ ilistrumontal aid 
should be employed as sparingly as possiblii, a glass never 
being used when, the naked eye will do, or a largo tolescojn) 
■when a small ono will servo, this research may bo regarded 
■as essentially non-teloscopie.” 


Yaria-ule Stars for Naked-Eye Ohhmuvation. 


C1l*Udl«t’>l 

Name. 

U.A. 1900 

Dool. 1000 

Alngnitudo. j 

Nuiabci. 

Max. 

Mill. 

2(>» 

a Casidopoiio 

h. m. 8. 

0 34 no 

o f 
•165 50-3 

3-2 

2*8 

800 

0 (Mira) Coti 

3 14 18 

- 3 25-7 

17-6-0 

:P4 

8-0*6 

d072 

(I I’orHol 

8 58 46 

•138 27-2 

4*2 

11090 

PoTfloi (Alffol) 

3 1 40 

+40 31-2 

2-3 

3*6 

1411 

A 'l.’nurl 

3 55 8 

•112 12-5 

8'4 

■42 

1708 

e Aiirigm 

4 54 -W 

■i-48 -lO'S 

3-0 

4*6 

:8008 

a OrioniH 

6 49 '16 

-1 7 23*.3 

PO 

3-2 

1*1 

2813 

m Qonilnormn 

S Aloiiooerotis 

8 S .51 

+22 32*2 

3*7-42 

2375 

0 36 28 

+ 0 50’.3 

4-[) 

5*4 

•2509 

i Gomiuoruiu 

0 58 11 

+20 -IS-O 

37 

•45 

3708 

U Hyrtrso 

10 33 37 

- 12 61 '0 

■4.5 

O' 1- 6*11 

•1828 

11 Hydra) 

13 21 1,5 

- 22 IS-O 

3'6-6’6 

D*7 

•6271 

\V Bootls 

11 30 2 

+20 57-2 

6'2 

6*1 

s;»7i 

6 Idbrro 

14 65 38 

- 8 7‘3 

5‘0 

0*2 

;51)13 

fl HoreuIiB 

10 25 31 

+ 12 n-i 

4-7-5-6 

6'4-0*0 

3*9 

818L 

a Here nils 

17 10 5 

+14 80*2 

3-1 

■6203 

11 Horoiills 

17 1.3 38 

+33 13-.3 

I'fl 

5*4 

0388 

K Sagibtnril 

17 41 16 

- 27 47'0 

4 

(1 

5*8 

0173 

TpV Sagittorii 

17 68 38 

- 39 86*1 

4-8 

‘6733 

n Bontl 

18 42 9 

~ 6 -IS-? 

•47-5‘7 

O'O-O’O 

■6758 

§ I.yra3 

18 16 23 

+3.3 148 

3'4 

•46 

6794 

it Tjyrro 

18 62 17 

+43 48-8 

■40 

4*7 

7130 

X Cygni 

10 40 41 

+32 30-7 

•40.0'5 

13*6 

7124 

Ji Amilla) 
a Sagittm 

10 47 28 

+ 0 4'40 

3*6 

•47 

0*4 

7149 

10 51 29 

+10 22 2 

6*0 

7'459 

T Cygni 

20 -13 11 

+34 0-4 

5*5 p 

0 ? 

7483 

T Vulpfloulto 

K Copliioi 

20 47 13 

+27 62-5 

5*6 

8*6 

'7803 

21 40 27 

+58 10’3 

4 P 

5 p 

8073 

i5 Cophol 

22 25 27 

+57 5'42 

3*7 

4*0 

'8273 

Pegasi 

22 38 65 

+27 32‘l 

2*2 

2-7 


Period. 

( 1 . Ii. ui. 

C 20 -10 

3 ‘.!:l 6 a 

<j:)i 

n 10 !w 

lu it -12 

2 '? 61 


7 0 17 
7 14 10 
71 

12 81 -17 
•10 
-100 

7 -I 14 

8 0 11 
a 05 d; 

I 11 67 
;432 

6 8 47 


Tyiici of VnriuUon. 


In-ejfiilto'. 
liUitK )inrIod, 
IrroKiiliir. 
MellrKO. 
I‘l(dli>H(i, 
IrreKiittir. 
IiTOHulnr, 
liOUK period , 
Hliurt pin'Iod 
Hliorl iterlod 
Ifu'Ktiiur. 
r.oiifr purl oil, 
Loiiir period, 
EnlljMU, 
IrroKitlur. 
Iri'o^iiliU'. 
Iri'OKiilikr, 
Hliorl pririod 
Bliort piii'liiil 
•lioiiK period. 
Keeljirdenl i>« 
Tjuiik period, 
liOiiK period. 
Hluirt jiei'iod 
Hliort period 
T,o«k )>erlod, 
Short period 
liOiiR pmiotl. 
Slmi'li period. 
IrreBulur, 


w • 

I , 

u 







I'llAITMU Kl. 

'I'mk ('Mi.imuM MV Htahh, 

l.'J IM,V rMvii'i* nf i|ti|iiir| infill h mF oluNtrvitliiiii* 

KlH’it IM lliM UHlrMii'Hiii'r willioiil iv T wIhIi Io> 

III HIM' wliitili tin’iTH liiiii Hiiiiii* Hinrtll M|i|HirLuniiv» 
Mllliiiiif’li ill i[ 4 ‘iiiTiil il iuhhI. Ihi iimHiiliirinl iiiin For (•lii^- 
liirrifut.Mni (iF |t•ll•lll:M(rll, mill IliuM' Mvim mF iiiiiHlili‘ni.(ib* 

hi^f. 

I'lif wiilo •lilTMri'iii’M wliiiili l>lii<ri' in lulwMnii Nlitr iiniV 
itiiir II I III liriKlitiixMM in ii|)|iiiii*iil mi Him vitj llrHl |tliiiii!i> 
itMviirilH llii' ll•<avMll•l : il- i'ii<|iitrM(i a ition* iiir>*riil Ki?riiliii,v 
III I III! I llmv ilHTi'i* itliKi III Hirtr iiilMiir niul In 

1 1 tiF tlii‘ii‘ HliiiiiiiK. 'Hu* hiii’ImiiIm (•11,^1*11 lliiiir 

ilifii’rliiiiiintuiii oF llu* ililFrn<iii;M In |.|ii* iiF NliirH 

H«i ftir UH III n'l-MKiiiKM hU iitUKiill'mli'n, uihI iiililnl I In* Fiirlliur 
|■••lilll>lll|*lll Hull Hii 7 iiiMnl iiiiiliy Htiirn iih lN*luft fuiiiirwliiLt 
i>ii)^lilMr or HMiiiMwIial faiiiliT, im Hin rnwi iiiIkIiI' 1**% Hmii Him 
iivuriixi' hlur mF Hu*lr iim^fiiUmlM, Inil wIimii I|. niiiiu In Uu* 
t|iii<HilMii »F mliMir II117 liiirilljr iimHi'i.hI niiy ililTumiru ul. nil. 
Till* iiInrN III ifoimriil tri*rii ■liiHiTriK’il uh ^mIImw, hIx Ih.'Iiik 
ri'i’MiitHl UK “ iliTy." OF lliMRi' nix wi* hIiiuiIiI iiIiinn IIvm- 
iKi Ih'Iii^ iliHlIiii'llr iiruiiMi* lU'l-^AiiliirMH, llMtul^niRi*, 
AMuluiriiii, Ari'Uinifi iiiiH I'nlliix. 'I'lu* mu lb, HI Hum, Ik^ 
to iiii uii IiiImiiih'I)' wliilv nlur, diiiI Uivra Iiavii Ih*i*u iiiimi); 
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tliHonHsioiiK iis to wlioUuT it Iuik oliiui^finl its (*(»loiir in tin' 
liist yOiH) yoiii’H, or whothor tiu' (Itwriplion givon of it 
“ li«‘ry H'd” - in duo Homo iniHtiilio ill (lu^ rorord, or 
wliot.lior l.lio oxcosnivo soiulilliitioii of l.lio nliir nuiy lurount. 
for it. Ii'or, an wu hoo it iiosv wliou noar llio Imri/on, 
a niomovdary llanli of vivid rod llanioH out front tinio tit 
timo, duo to tlio irvoguliir diH[iorHit>ii of iln lij'lit in paHsiujj 
tliroiiffh tlu) trtiinnlouH atinosjtlioro. It in from thin lluit 
TtumyBon, immt oxaot of all Mto poolH in tiin .noii'niilio, 
roforonooH, oall.s SiriuH “ liory ” in tlio woll-lniown jtinuiaijo 
from Uio “ I’rinooHrt ” : — • 

“Ttu' HtH'y B riiiB ftllor« Into 
Anil Itiitlu’i'H into rini ninl oiiii'i'iilil." 

A oaroful otmipariHon of Htar willi Hlar will hooij hIiow 
that this oliiHHilloation ih far from oxhauKliiif' tho diflon-nooH 
of tint which may ho riHiojfiuHt'd aiuoiij^Ht tho niarH viHililoi 
to the naked oyo. Indeed the tStar Oolour tSiu.dion of 
the Britinh AHkronouiical AnHooiation, niulor (ho alilo and 
onorgello dirootion of Mr, W. S. (*’ra.nkH, k.u.a.h., hoiho 
fow yoara ajj;o draw up a oatalojfiio of all tho Htara of tlic 
fifth ma},Mutudo and bvi{j;htor, and rot’.Offniaial no fowor than 
twouty difforont tinta or ahadoB. Tho imnuMiNo majority 
woro indood white, or white with a more or Iohh ovidoid. 
tingi? of yellow, up to a fairly full yellow, and the olmorva- 
tioiiH wore made for the moat part by iiuanm of rofranf.orM 
of throe t.o four inchea in aperture, or of refloctorH of 
aix (;o eii^ht iuchoH, Tlie ohaervor, therefore, wlio Ima no 
ieleaeopo, or who at heat poHaoKHoa liut a ^ood flohl- 
^daaa, would noithor ho able t(t deal with atara ao faint 
!i8 tho (ifth magnitiulo, nor to detect aa many dllToreneea 
of colour. 

Novertlioleaa, witli a. good (udd-ghiaa aomo three hundred 
stars would ho within his reach, and with tho iiakod eye 
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y;? 

.iliiii'- iiiiil'- •III4I hiiiiilrril, I 111* •'Millin' Ilf wliirli lin ini);lil. 
Mill •■iitniiiKi', iMul ill III) |•l'l•lull^lily wiLli piil.iMiii'ii 

mimI ••^|•l'n•'lll-•■ III- wmiiM in ('l'•lll|lill|; MiirHii iiiLn 

I'lillv It •l-i.’i II Ill •'.tli'i'iiri 'I'lii' Will'll Wiililil fiiMMl 

|i.- l.•|l i.i III' .III III ii-iirii v>‘ mil', fur ili'linii'V of iliHi'nininii' 
fioii m>>iiM I«' >.111 <- l<> rotiii- willt |irai'tii’i' ; niid Iln’ miiim' 

III I Ilf ii.iwi’V !>• lli■ll’l'iMliIllll•‘ wllli i|nu;liiii>aM itml (*tirl.iuulv 

l>i<l ivi-Kii tn>« 'iliii'M wIiM'li III lii'iil t'liiiii'i- alniwi'il iin diftfri’tlini 
WiMilil (•■viiiiiiK l•l'i■l}; 

In ilii* W‘<rl> <>1 I'll! iiiiiil ill)' ilii’ I'ulnui'ii nf iiliirH, I.Ihti' iim 
|\vi» •lilli'ii'iii |niiiil'i 111 li'i'ji ill iniM'l. Tin* HIM' ii*, whitl. 

jiitnii ill i|ii> l.)f•■■'ll■lllll iiIiiiiiM Ik* iiiki'ii iih liiml- ri'|iri‘iHMiliu(' 

I III* iliiMiniiiiii liiil Ilf I 111 ' iilni’. Till! iilliiT, wlifti- in Uni 
iiifi iiniiy III' llml liiil, r<M- il iiiu-il 111' ri'iimiiiliiiri'il lliiil. Uh' 

iil.ti-ii |:in> riiMliiiiiiiiiii 'll I I II. llml >« '“IV, till* iiniiiii‘ 1 - 

wiirli i>l llit'ir ii|H‘i'irji in •'itiii'iilinlly I'liiilintioiin. Itmi^lily 
ii|.i-<il.iiii: Uii'v nil r.ivi' !li 5 lil i-f nil wiiv«'.lnii^llm; in hUht 

wiifl'i, I III*' n .t'iiliiilly liy w liiil* lif'ld., \Vii liiivn no 

«il;irn null njii'i'li'ii lililih"! In ••m* |ilirllrlllar I 1 *|'I' 1 M< Kvi'ii 
ni I 111 * liini'l'''! M|ii'i’li'ii iMiii*’ ‘if Iln* Mi'\-i*n I'nlimi'H tliwt wn 
.•nliiiuiily r.'i'.ijMiiiiii uri* I'lilircly w'liutiiiKi '"ul *‘vn« if wi* 
wriil (mill**!', 11*1 'V'* I'anily ini^rlil. hm'I ilividi'il Uin ii|iiH*-li'iiiii 
ii.it mill ii**vi*ii ••Illy, Imt liil" Iwi'lvn nr mum illlTi«»i«nt 
• ll|••lll'.l 111'* niiiin* «lllUl•lll•*lll liiij^lil li'il'l kiwhI. 

\Y*‘ iMMiil ih<'ii'f**i'i* ri'i^itnl iln* itliirn nil mIiiiiIiih I'MiKiiiliially 
l.y wliltn li|;Ul. hut Iln? vinimiii ImiIh wliinh lin'idlmr jpi In 
iH.ilir nit II )ii*i'ri'i!l wliilo, iiri* m*! iilwnyn finuiil in lln-ir l•^llll;l 
liiiiiitii lniii. Wti iiiny mKiii'il, |lii'ri*riii'i*, a iulnuniil nlar hh il 
i.itM ►hiiilmt l‘y «ImU’ I'lild |’•’V^llill |»ii'|Hirtiiin of li^lil 

of ii|H‘ III' itii.n'i* ii|^Hiill 

Unit Uilii il Uint tlm liKlit nf any “lai* In 

pai'ilv wliit^' ami I'lii'ily riiliini'i?il. wn niiiy ilitnli* Un* hIilI'H 
iiiIm I'lii'iHii'i, i|ii|ii'iiiliM|i I'liliriily iiiiini tin* ila|iUi nf tint wliinh 
liny nhnw. iiinl imt il'i l■l‘)l"^^. A llvi'-fiihl illviHUiU 
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Hup((*f>HLs itKolf, Homotlihi}^ lo I, ho C<»llowinf( ofl'iN*!. : (1) 

]MiriJ whito, (2) <;{) ooloumd, (4) fully cohmirtl. (T,) 

(lonply colour(kl. Amoni^at blio hIiiih viMihh) to llio iiiiliiMl 
uyo ilu! Cull tiud (hjop coltuirri iin? riii’O ; it; io i‘HjiO(U)il(y in l lio 
fiold of (luuhlo Httii' iiHlii‘ou()iiiy Unit. jjfot tho doopoi* iiiul 
n<!lu)i' tints. 

Aftoi* tho ((iiostiou of Uui <lo[)i,h of tint wliioh thi' hIim's 
show, oomoH tlio (pumtinii of tlio oohmr of that lint, h'nr 
nalco(l-oy« stiiVK, tlio inoro rofniUHihln ooloiirs do not (MUim 
into oonsidoriilion. Tho raiij^o in from oningt)-rod up to 

yollowisli griKui, or possibly in ti sin^flo inshuKto lliiit of 

,lhd,ii Ijibrav-to grooii. Alpha Tiyrii), iiud p(»Hsihly oiu' or 
two othor stars, havo u distinot hluisli t.ingo, hut in lyiioral 
Uui stars not passod i\h whito may ho vmy wrdl sohodtdt'd 
tuidoronoof tho livo follo\vin|j; hoads :• -(1) roddisli-oniuf?... 
(2) orangfi, (U) oraiiKo-yoilow, (4) yolh»w, (h) yellowish 
l^nsui. 

In workiiiw; upon star colours with tho ileld.^diiHs or 
nukod oyo it is iiupossihlo to urn* any arl.ilii-ial Htaudiird of 
(iolour, hut tlwj wido Hold of vituv, and tho ouso and 
rapidity with which tho attontion can ho turimil from one 
part oC tho hoavons to tho <»thor, will much nioro than umko 
up for this dolicioncy. Tho stiirH must ho <!ompared om* 
with anothor, and tho ostimations of citlour must Ih^ purely 
rolativo, and Urn motliod will ho found much tho most, 
aoifurato possiblo. 


Tho moat satisfactory programuio for an uveuiuf.fs wi)rh 
would probably ho to take a uumlier of stars not dilTorinp 
too widely in nuignitudo. iiud without ro^ard to tlu^ e.^ae.t 
luimo to ho f,dvou to tho dopth of tint of oach, to arrn.UK«^ 
thorn simply in t)raor of colour intemsity, l)0|rhuiiiifr with 
tho star of purest whitonosa and froiut,' downwards to tho 
ouo that showed tlio fullest tint. U ivould pruhahly ho 
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u'i'll Ini' ill*' Ilf (iiiii|t|ii'il V J*i this work 

• >l I III’ nrniiii'i’iiii’iil in iinli<i‘ i»t' I hr ilrjilli ol' rnlinilv 
ll'■l|ll I In* wm k nf iiri'iiii);i<iiii>h|. in imliir uf iHtlniir, 
i.KVi'v.il nil'll! II |iiri;i> nniiilnT nl' Hliirri tihniilil I mi IiiL'imi 
iiirl iillv r.irli niii* willi I III' iill|i'l‘i<, until II 

lull I'll ll•-fll|-\ |l|'ll|'l■l'■.»i.l|| li;i I U-i'ii iii'niiiin'il I'nr tin? whnin 
tilMiihi'i- ; till’ ili'jnli lit' lint Ih’iii;; ilii' rvilrrinii, 'I’hi'lli 

wIm-ii lliiii iviirl; liu'i Ih-i-ii ■■iii'rii’il imiI MiicrrMul'iillVt <■ Miiiiiliir 
•'I'lMl'Ill iiinii (ilmlil'l li" iii-rl il llll'•l uii III till' i'liliini' Ilf Llio 
'iliii'.i. l.iiiniii): IIm-|ii in iii'ilri' rrmii till' ^•'lllll'H^ In lIlOMn 

uliii-li 'ilimv ill" ni’itr"»l (t|•|<^<Ml^]| in !■l’l•t'll ; (iml in Iliiii 
'•i'<'‘ih«l l'••l|||■|l|-|Ml|| it niiiilil iirnliiiMy lin rMlIinl iliu'rnl In 
riiililii" tin- ivi'ili ill llr/il mily In Hin iihirn nf 111*1111 l-iiil, 

■ Ill’ll In III"- rnll rnliilir, iHlii Mn nil, lllltil IiInI- iiF nil 

lll•’!>" III" I’liiiiiiitii’il iii‘«'nl'iliii|' In III" ii|H'i‘lnvl nhliT nl’ l-lu'lr 
i-tiliini'k u'llirli lire niily olii'lilly liniril. 'riiiDi, if 11 liiimlri'il 
nlitrii liiiv" Im-i’Ii m'Iio’Ii'iI (til iiliniviiijr Nntiii' innrn nr liniH 

ll|k|ll«-•'illl•l•' liiil, iiii'l hiivi' Ih’i’Ii iirriLii|'i’il in ur'IiT nf Mm 
•I•<|*||| n)‘ I ini, iiiiiMlii'r !■■■■ Ih'iii|r Mm ulnr nf iIim'ih'hI. liiil., 
iliiin iummImtii >il In liiil iiii|;lil- !■" Mm nnlijii'l nf Mir llrNli 

111 i'iiiI(.:i<im"MI in M]n'>'tviiin ni'ili’r, iiiliiilx'i'ii 41 In HU of Mm 
'iiTiinil. tiinl Mi nn. 

*rii" i^rt’iil iMlviinlii|;t' •it' limit iiii; Mn' I’nlniir iviMiniiliniiH 
|iiii'"li t’nni|HiiiiiiT" iviiiilil Ini Mini in Mm niMi nf iiiiy 

viii'lnlinil nl' i;n1«nil‘ ill niiy Hlnr iln ili'h'itliiilt wolllil hir 

•'il'ili'i*, mill niiii'li itmi'" fi’i'ii fi'nin iiiiil>lKnikv lliiui l\v iiii.T 

•iMmr iimMiiHl, TIiiih l\l>'in nikI WiiIu'i* hLmIi' MkiL Aliilia 

1 1 l ull' Mnjiiriii |I1|IIIII';I Mtrniitili ll> iicrii'H nf cnliiiir i‘lillllKmi ill 

II iirri't'l iri iliivii. NnviTal 'n|iii‘ Hliirn urn ini|>|inHiHl 

ill liiil’ nidliiii’r In linvn ('liiiniv’‘l Mmir rnlniir. Tim i.'iiKiMir 

Mirlii'i liiifi iilii’ii’ly I mri’riinl in, IniL wlmh^vcr il. limy 

liiivn Im'i'Ii ill I’liiH'iti’til linii'ii, il I’l’rlniiily hnn iilinwii ilHi’lf 
iiiiviirvin!; wliili' In "nr mvn 'luy. Al|;nli iiIimi 11 wliili* Hlur 
I’i n'i, in i|i'Hi’ril'**<l I'y A I Hull uu *' riil,' II In Mmii’fiirii 

II 
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not. hn|>ot?HiMo blmt tho systematic study of star colours, 
tivtin tliou(»li it l»o undortakoii by tbo naked <syo aloncs or 
at ImjhI with Iho assist, anco of a fiold-<^las9, may yot sucscood 
in (listiororing an instanccj of colour clian|:'e. Ihit. should 
it fail l-o do HO, it mnst not be forgottou that the clear and 
niinuHlakahlo ovidence, which a tUorouf^h and systemalic 
record of the rohUive cedours oC stars would supply, that 
iKi colour (duin|jfO had occurred, would bo just tis valuable, 
just as iiu]H>rlant. 

CUoHoly c.oiuiecttid avU.)) tlio colour of stars is tlunv 

mode of sliiiiing ; in other Avords, their Hciutillation. 

'.I’he blim stars and Avhito stars, like V(i|'a and Sirius, 

“Uviuldo” tho )uoHt rapidly; the oraiif^e stars shiiio tho 
most steadily, 'J.'ho ])lanets ordinarily do not stuniillato. 
Tliis tuuutiUation is, of course, duo to treniors in our own 
atmoHphore, since tho stars are to ns absolutely inatho- 
nuiticul points to Avhich not ovon tho most pow(?rful 
tohssetjpe has yet smuteoded in j^iviug any njjpn'.eiable 
diametcir. It follows tluit when the air, through which 
th(! star’s rays puss to our eye, is in great agitation, many 
rays may roach us one moment and few tho next, and the. 
star may soeiii to llicker lik(! a candle in tho Aviiul. 'l.'ho 
]>lanets do not seiutillato heoanse tlH?y show to us real 
discs, ovcin though these arc; not large enough to b(i 

pfU’eeivml as such by tlio iiat'ed eye. Tlio one exception, 
the plaiHjt Mei’c.ury, is an ex(Joption \nivtly Inicauao it is 
always insir tho horizon Avhou soon with tho naked ey(}, 
and partly becanse its diameter is very small. It owes its 
(Ireelc epithet tTViX^cov, " glilteriug ’* or '* Hashing,’’ to this 
pcfiulitbrity amongst the older planets, 

'I’he jnousiiroinent of (Ini amount, or, rather, rapidity of 
Hciutillation, lies beyond the power of tho “astronomer 
wit) lent II. bjlcBcopc,” but oven to tho naked oyo there is a 
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inaricod diiloronco iu thia lOBiioot between star and atar, 
luid tlio obflorvor 'will not bo able to OTorlook ils evident 
ooiiiiotition with the atar*! colonr. 


Tlin roview of tbo varioiiH departments of obBorration, 
availiiblo to tbo unuaiatod eight, lias thus brought us to 
studios, QB in tho auto of yarmblo stars and star colours, 
-wliOTo, ilioiigh then) is a cortoin amount of work to bo 
<lonu witliout optiaU aid, jot tlio obeerrer's flold is muoh 
inurcusotl bj tho poseosBion of a good opoia-glase or doliU 
glass. 

'NVe have oomo as it ivore to tho throahold of that 
noblo HtrnctuTD which bos boon built up bj meaiia of the 
tdoHoopu and spootrosoopo ; but to that building thoro are 
niHiij gnidos. and to oxploro it lies beyond my present task. 
Tho purpose -which I have sot boforo myself has boon a 
niiich humbler ono, but if I hayo suooooded iu arousing 
iiitonwt in those astronoralcol phonoiuona which requiro no 
•' tiptio glass ” fttr thmr dlsploy, I shall bo well rowurdod. 

And I think that ho who seriously undartakoa some 
doisirtnicnt of astronomy without a tolosoopo -will llkowise 
nut fall of his reward. Tho growth in tho power of por- 
uepblon which careful prootloo in obaoryation brings is a 
n»vl gain, lloil too Is tho gain in halutB of system and 
luoLliod. For to pomsiyo is but a part of the astronomer’s 
work \ ho must loani to record what he has percoiyod, and 
must form tho habit of recording at onoo and recording in 
order. And thia bebiti ns wdl as tho gain in iierwption, 
inonnH bioreoso of power, and power giyoa ploaanro. Ploasuro 
thoro is too in gaining os it were from direct oonyorso vrith 
Nature, frosh insight into her mystorlos; plaosure, if our 
kuowlodge is really increased | plousure, too, eyon if the 
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provo I (to involve 'll fur u.s am I oni' inily |»ri»(.';r(iHs Iti’ 
iL l.nmv ol! I, heir diHuMiIly. 

M’lu! I’k'Mh III' wiirlv whu^li \vm liiivo iiummihI in ravlinv liavf 
iiiaiiy and va.rioil. 'I’liny iiava i.‘x(,cim 1<!(I rnim 

|)lH>mnn(ma l.ln' nnisl- slip’lil- and tmiminnl. -Un‘ lip'li|,in|.i; 4 d‘ 

II. Hiinsfil- cloud, llu' munuMd.arv IIjihIi of a. niclcur — (.n t.hc 
and iiuml. (Midm-iup’ iJnd- l.lit! univcrac can kIiow- - 
IIm! rabnc. of l.lic (lalaxy and ifs ininrwcavini,;- with l.lin 
HtiiPM. And Uii'ni ia aJuivc ull in iliia diiMcl. windy of Mii! 
lioavniiH, ouIj in l.lic luincalli Mai deep nnwoiuidod 

wky, a. (dnirni and an awe, nol. Id lie realisetl nlherwisn. (I 
iw NiiUit'i' al. her vasloHl. Ilnil' we iipjiroaifli ; w»' look np lo 
Inn* in her laoHl exalled hirin. We siai nnrtilled Indore ns 
t•ll{) volniiu! wliieli Mie linp-er ol; (lod has wrtl.len ; we sland 
in the <hvelliup--plii('(> of the Most l!i_oh. 
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